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PREFACE 

TO 

THE FOURTH EDITION. 


The author much regrets the inconvenience occasioned by the 
unexpected delay which has taken place in the issue of the pre- 
sent edition. That delay has, however, arisen from causes which 
he could not foresee, and over which he had no control. 

In the Preface to the First Edition of this work the author 
fully explained the objects he had in view in its preparation, 
and the principal sources from whence he had derived the 
materials necessary for its compilation. That such a work was 
needed is sufficiently proved by the sale of three very large 
editions ; and in issuing the present edition, the author cannot 
but express the great gratification he feels at the satisfactory 
results which have attended his labours ; and he also takes this 
opportunity of returning his sincere thanks to the many kind 
friends and correspondents for the assistance they have rendered 
him by the communication of many valuable facts and sugges- 
tions. 

The very great advances made within the last few years in 
the science of Botany on the Continent of Europe, more 
especially in Germany, have necessitated many important altera- 
tions and additions in the text of the present edition, and 
numerous new woodcuts ; so that, while the whole work has been 
very carefully revised throughout, in some respects — as in the 
subjects of elementary structure, reproductive organs of Acoty- 
ledons, and in the physiology of plants — it may be almost 
regarded as a new work. In these portions the author has 
especially to express his great obligations to Professor Lawson, 
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of Oxford, for valuable assistance rendered in the subject 
of Histology; to Mr. J. W. Groves, Demonstrator of Phy- 
siology in King's College, London, for, in a great degree, 
revising the Third Book on Physiology ; and to his pupil, Mr. 
J. Mason Vann, of King's College, for nearly writing afresh the 
section on the Reproductive Organs of Thallophytes, and for 
other assistance in reference to Acotyledonous Plants. In all 
these portions the great work of Sachs, ‘ A Text Book of Botany,’ 
translated by Bennett and Dyer, has been constantly referred to, 
and should be studied by all who desire to become more fully 
acquainted with the progress of science in these particulars, than 
is possible in this volume, consistent with the design of the 
author. 

In the part which treats of the properties and uses of plants 
very many additions and alterations have been also rendered 
necessary by the progress of science. In this portion constant 
reference has been made to Fluckiger and Hanbury's 4 Pharma- 
cographia,' and to Bentley and Trimen’s ‘ Medicinal Plants,' both 
of which works have been published since the third edition 
of this Manual. The latter work contains full botanical de- 
scriptions with original coloured figures of the principal plants 
employed in medicine, and an account of the characters, pro- 
perties, and uses of their parts and products of medicinal value ; 
and is especially intended to serve as an illustrated botanical 
guide to the ‘British Pharmacopoeia ' the ‘Pharmacopoeia of 
India,' and the ‘ Pharmacopoeia of the United States of America.' 
For figures, descriptions, and full particulars of these plants, all of 
which are briefly noticed in this Manual in the part treating of 
Systematic Botany, the author begs leave therefore to refer those 
of his readers who are specially interested in the official and other 
more important medicinal plants. 

In this part, although several minor changes have been made 
in the arrangement and characters of the natural orders, it has 
not been thought advisable to depart in any essential particulars 
from the order followed in previous editions. The arrangement 
here adopted, except in unimportant particulars, is that used 
generally in our Floras, and that which is sanctioned by our 
examining bodies. The present, so far as the classification of 
plants is concerned, may be regarded as a transitional period 
in this country; and important, therefore, as a knowledge of 
other arrangements may be to advanced students, they are scarcely 
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adapted for such a Manual as the present. Such students should 
especially refer to the great work, now in course of publication, 
Bentham and Hooker’s ‘ Genera Plantarum.’ 

The present work having been thus carefully revised and in 
part rewritten, and supplemented by very carefully prepared and 
copiouB indexes, the author confidently believes that it will, even 
better than the preceding editions, serve as a convenient, intelli- 
gible, and faithful as well as comprehensive manual for students ; 
and also be very useful as a work of reference for those engaged 
in commercial pursuits who, having constantly to make use of 
substances derived from the Vegetable Kingdom, require ac- 
curate and condensed information on the Properties and Uses 
of Plants. 

London : Febrvary , 1882 . 
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TO 

THE FIRST EDITION. 


Thk principal design of the author in the preparation of the 
present volume was, to furnish a comprehensive, and at the 
same time a practical, guide to the Properties and Uses of 
Plants, a part of Botany which, in the majority of manuals, is 
but very briefly alluded to. He hopes that in this respect the 
present manual may serve as an introduction to works devoted 
particularly to Materia Medica and Economic Botany, and thus 
form a text-book of especial value tome die al and pharmaceutical 
students ; as well as a work of reference generally, for those 
engaged in commercial pursuits who have daily to make use of 
substances derived from the Vegetable Kingdom. 

Another prominent motive of the author was, to furnish the 
pupils attending his lectures with a class-book, in which the 
subjects treated of should be arranged, as far as possible, in 
the same order as followed by him in the lectures themselves. 
It may be noticed that this order differs in several respects from 
that commonly followed, but long experience as a teacher has 
convinced him that it is the most desirable one for the student. 
Great pains have been taken in all departments to bring the 
different subjects treated of down to the present state of science ; 
and much care has been exercised in condensing the verynu- 
merous details bearing upon each department, and in arranging 
them for systematic study. 

The author makes no claims for this work to be regarded 
as a complete treatise on the different departments of Botany ; it 
is only intended as a guide to larger and more comprehensive 
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works ; but ho trusts, at the same time, that it will be found to 
contain everything which the student of Botany really requires, 
whether he is pursuing it as a branch of professional or general 
education, or for pleasure and recreation. 

The vast number of facts, observations, and terms necessarily 
treated of, in the departments of Structural, Morphological, and 
Systematic Botany, have compelled the author to give but a brief 
account of the Physiology of Plants ; he hopes, however, that 
even here, all the more important subjects bearing upon the 
education of the medical practitioner and pharmaceutist will be 
found sufficiently comprehensive. To those who require a more 
complete knowledge of this department, he would refer them to 
the Second Part of Balfour’s ‘ Class-Book of Botany/ in which 
valuable work full details upon Physiological Botany will be 
found. 

The author had a great desire, also, to include in the present 
volume an Appendix upon Descriptive Botany, and a Glossary 
of Botanical Terms ; but the Manual having already exceeded 
the limits desired, he is unable to do so. The Index itself will, 
however, seive as a glossary by referring to the pages in which 
the different terms are defined and explained ; and with regard 
to Descriptive Botany, the author would especially recommend 
every reader of this work to obtain a small but very valuable 
work on that subject which has been recently published by Dr. 
Bindley. 

In compiling this volume the author has been necessarily 
compelled to refer to many works and original memoirs on 
botanical science, and he hopes that in all cases he has given 
full credit to the different authors for the assistance they have 
afforded him. If he has omitted to do so in any instance, it has 
arisen from inadvertence and not from design. To the valuable 
works of Mold, Jussieu, Schleiden, Mulder, Hofmeister, Asa 
Gray, and Schacht, among foreign botanists ; and to those of 
Bindley, Balfour, Henfrey, Hooker, Berkeley, Pereira, and 
Hoyle, among British botanists, he begs to express his obligations. 
To his friend, Mr. Daniel Hanbury, he is also indebted for some 
valuable information communicated during the progress of the 
work. To Bindley’s ‘Vegetable Kingdom/ Pereira’s ‘Materia 
Medica/ and to the many valuable articles upon the Anatomy of 
Plants in Griffith and Henfrey ’s ‘ Micrographic Dictionary/ by the 
lamented Henfrey, the author is more especially indebted. The 
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last three works will always bear ample testimony to the great 
research and abilities of their respective authors. 

The author has further to express his obligations to his 
spirited publisher, for the numerous woodcuts which he has 
liberally allowed him, and to Mr. Bagg for the great skill he has 
shown in their execution. A large number of these woodcuts 
have been taken fromMaout’s 1 Atlas ^mentairede Botanique,’ 
several from Jussieu’s ‘ Cours elementaire de Botanique ; 9 others 
have been derived from the works of Schleiden, Mohl, Hof- 
meister, Lindley, Henfrey, Balfour, &c. ; and many are from 
original sources. By the judicious use of these woodcuts in the 
text of the volume, it is believed that the value of the work as a 
class-book of botanical science has been materially increased. 

London : May 1 , 1861 . 
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CORRECTIONS AND ADDITIONS. 


Page 3, line 7 from the bottom, after starch, add (see page 822). 

„ 21, line 21 from the bottom, after for example, insert according to 

Henfrey and others. 

„ 22, line 2 from the top, /or mature, read perfect. 

„ 26, line 1 7 from the bottom, for Ceranium read Ceramhtm, 

,, 26, line 22 from the bottom, after those above mentioned, add 

(For further particulars on Chlorophyll see page 781.) 

,, 27, line 12 from the top, after starch, add and some other carbo- 

hydrates (see page 822). 

,, 35, line 5 from the top, after Forms and Sizes of Cells, erase and 

General Properties and Structure of the Cell -wall. 

„ 113, line 5 from the bottom, for stolomferous, road stoloniferous. 

„ 251, line 12 from the bottom, after infolding of the, add proto- 
plasm, or, according to Mohl, of the 

,, 314, line 16 from the top, after others again, erase may. 

„ 428, line 13 from the bottom, after eaten, add (This must not be 
confounded with the true Avocado or Alligator Pear, which 
is in much repute in the West Indies, and is derived from 
Persea gratissuna.) (See Persea). 

„ 459, line 14 from the bottom, after Kola-nuts, add It has been re- 
cently stated that the nuts have the power of staying for 
even a prolonged period the cravings of hunger, and of 
enabling those who eat them to endure continued labour 
without fatigue. 

„ 520, line 25 from the bottom, after gum, add , known as Sarco- 
colla, 

,, 520, line 23 from the bottom, after Astragalus, add , or from one 
nearly allied to that genus. (See Pencea). 

,, 536, line 8 from the bottom, after Alum-root, add Saxifraga 
sihirica is said to contain a crystalline bitter principle, 
which has been termed bergenin, and is reputed to be a 
powerful tonic, ranking in its action between salicin and 
quinia. 

„ 598, line 9 from the top, after Curare; add Planchon, however, has 
recently modified this opinion, and now refers to a species 
closely allied to S. toxifera, Benth., as the chief element 
of this kind of Curare ; 
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CORRECTIONS AND ADDITIONS. 


Page 754, after line 3 from top, insert the following notice of recent 
investigations : — 

On the Structure of the Protoplasm of Vegetable Cells and the Structure 
and Method of Division of the Cell Nucleus. 

Professor F. Schmitz finds that the cells of plants contain intra- 
cellular and intranuclear networks resembling those described by 
Hanstein, Heitzmann, Klein, and others as existing in the cells of 
animals. 

The intracellular networks consist of very delicate interlacing 
threads of protoplasm, enclosing spaces or lacuna , which are in inter- 
communication with each other, and contain a homogeneous fluid. 

The nucleus contains a similar reticular structure, and is bounded 
by a denser substance, in which are embedded a number of closely- 
packed granules, termed by Flemming ‘chromatin-granules,’ the larger 
of which have been usually described as nucleoli. 

Strassburger has described a curious method of division of the 
nucleus in many vegetable colls, and a similar method has since been 
shown by several observers to occur in animal cells. To this process 
Flemming has given the name of Jcary oleines? s, because a spontaneous 
movement of the nucleus and its contents is of essential importance. 

The first stage in the process is the separation of the fibrils 
forming the intranuclear network, so that they becomo more distinct, 
and make the nucleus appear larger. The fibrils then become thicker 
and more separated, thus exaggerating the appearance produced during 
the first stage. The fibrils next acquire the form of long loops, 
some of which appear to consist of two threads (Flemming); but 
whether this is their true character, or they are thick fibrils which 
have become hollowed out, is uncertain (Klein). In the next step the 
loops cease to be single and are very long, each thread forming several, 
and the whole producing a radiating, wreath-like appearance. The 
loops then break so that their bends are central, the ends pointing 
outwards and producing a star-like appearance, the aster or monaster . 
The central mass and rays now appear to divide into two parts having 
different planes one above the other, except at the periphery of the 
loops, where for a time the two stars remain connected, though soon 
they separate, producing the double star, or dyaster , which in many 
cases is the only form of star that is seen, the monaster apparently not 
occurring at all. The two stars of the dyaster then recede from each 
other so that their centres occupy opposite poles of the nucleus ; the 
daughter-stars of the dyaster thus produce a double basket appearance. 
The fibrils of these baskets next arrange themselves alternately, so that 
they seem to be transversely striated. A membrane next forms be- 
tween the two divisions of the former nucleus, i.c. between the two 
daughter-baskets whose fibrils now become convoluted, thus producing 
in the new nuclei an intranuclear network similar to that which 
existed in the mother-nucleus. 

These intracellular and intranuclear networks, as well as the divi- 
sion of the nuclei, are well seen in rapidly forming cells, such as those 
in the growing points of plants. 

Page 797, line 12 from bottom, for three read two. 



MANUAL of BOTANY. 


INTRODUCTORY REMARKS. 

Natural History has for its object the investigation of every- 
thing that relates to the bodies placed on the surface of the 
globe ; or combined so as to form its substance. These various 
bodies have been, both by the common observer and scien- 
tific investigator, arranged in three great divisions, called, re- 
spectively, the Animal, Vegetable, and Mineral kingdoms : those 
comprised in the two former, being possessed of life, form 
the Organic creation ; while those of the latter, not being em 
do wed with life, constitute the Inorganic creation. It is our 
province in this work to treat of the lower members of the or- 
ganic world, called Plants or Vegetables. The science which 
investigates these is termed Botany, from the Greek word fioravr) 
signifying an herb or grass. 

Departments of Botany. —Botany in its extended sense 
embraces everything which has reference to plants either in a 
living or fossil state. It investigates their nature ; their in- 
ternal organisation ; their external configuration ; the laws by 
which they are enabled to grow and propagate themselves ; and 
their relations to one another, and to the bodies by which they 
are surrounded. As a science, therefore, it is of vast extent, 
and one which requires for its successful prosecution the most 
careful and systematic study. It may be divided into the 
following departments : — 1. Organography : this comprises every- 
thing which relates to the internal organisation and ex- 
ternal configuration of plants, and their various parts or 
organs : that portion which treats of their structure, including 
the description of the elementary structure, or Vegetable, 
Histology , is commonly termed Structured Botany ; and that 
which has reference to their forms is called Morphological 
Botany, or the Comparative Anatomy of plants. 2, Physiological 
b 



2 


BfrSTINCnONS BETWMtf 


Botany : t&k treats of plants, and their organs, in a state of life 
or action. 3. Systematic Botany : this considers plants in their 
relations to one another, and comprehends their arrangement 
and classification. 4. Geographical Botany is that department 
which explains the laws which regulate the distribution of 
plants over the surface of the globe at the present time. 
And 5. Palaeontological or Fossil Botany is that which investi- 
gates the nature and distribution of the plants which are found 
in a fossil state in the different strata of which the earth is com- 
posed. The first three departments are those only that come 
within the scop 3 of the present work ; the two latter being of 
too special and extensive a nature to be treated of in this 
manual. 

Distinctions between Animals, Plants, and Minerals. — 
Botany bei ng the science which treats of plants, it would natu- 
rally oe expected that we should commence our subject by 
defining a plant. No absolute definition of a plant can, how- 
ever, be given in the present state of our knowledge of the 
organic world, neither is it probable that, as our knowledge in- 
creases, such will ever be the case ; for hitherto the progress 
of inquiry has shown that there is no distinct line of demarca- 
tion between plants and animals, the one passing gradually and 
imperceptibly into the other. Indeed, until quite recently it 
was believed by many that there existed certain organisms which 
were plants at one period of their lives and animals at another. 
Thus De Bary, in the year 1859, described the germinating 
spores of JEthalium as producing naked, motile, protoplasmic 
bodies, which eventually coalesced to form amoeboid masses of 
protoplasm ( plasmodinm ), which were destitute of a cell-wall, 
were able to creep over the surface of the substance upon which 
ihey were growing, and to take into their interior and digest 
solid matters, after the fashion of a true Amoeba , of the animal 
nature of which there can be no doubt ; and so while in this 
stage he regarded iEthalium as an animal. After a time, how- 
ever, the plasmodium becomes quiescent, divides into an im- 
mense number of small portions, each of which clothes itself with 
a wall of cellulose and becomes a spore ; and in this later stage 
he regarded ^Ethalium as a plant. But as the more recent 
researches of De Bary and others show that this amoeboid condi- 
tion is of frequent recurrence in certain stages of many organ- 
isms, of the plant nature of which there can be no possible 
question, JEthalinm is now relegated to the Vegetable Kingdom 
alone. Nevertheless, even if the belief in the double nature 
(plant and animal) of certain organisms does not now exist, 
naturalists are far from agreeing as to what in all cases shall be 
regarded as a plant or as an animal. Thus, while Stein looks 
upon such a complex structure as Volvox as undoubtedly animal, 
other authors of equal repute acknowledge it as a plant. 

There are, indeed, even some naturalists who believe that 
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there is no line of demarcation between plants and minerals, 
but that simple organisms can be, and are, formed out of in- 
organic matter ; but notwithstanding the ability and ingenuity 
with which these views have been supported, we hold such 
notions to be purely speculative, and continue to maintain that 
the possession of individual life and power of reproduction in 
the former, constitute at once, without further investigation, a 
broad and well-marked line of demarcation from the latter. 
Even when we compare plants with animals, so long as we 
confine our researches to the higher members of the two king* 
doms, the distinctions are evident enough ; difficulties only 
occur when we look deeply into the subject and compare 
together those bodies which are placed lowest in the scale of 
creation, and stand as it were on the confines of the two king- 
doms. It is then that we find the impossibility of laying down 
any certain characteristics by which all the members of the two 
kingdoms may be absolutely distinguished. We shall at present, 
therefore, confine our attention to those characters by which 
plants may in a general sense be distinguished from animals, 
leaving the more extended investigation of the subject to the 
future pages of this volume. 

In the first place, we find that plants hold an intermediate 
position between minerals and animals, and derive their nourish- 
ment from the earth and the air or water by which they are 
surrounded, and that they alone have the power of converting 
inorganic or mineral matter into organic. Animals, on the con- 
trary, live on organic matter, and reconvert it into inorganic. In 
other words, plants produce organic matter, and animals con- 
sume it. 

Secondly, plants are generally fixed to the soil, or to the sub- 
stance upon which they grow, and derive their food immediately 
by absorption through their external surface ; while animals, 
being possessed of sensation and power of voluntary motion, can 
wander about in search of the food that has been prepared for 
them by plants and other animals, and which they receive into 
an internal cavity or stomach. Plants are, therefore, to be re- 
garded as destitute of sensation and power of voluntary motion, 
and as being nourished from without ; while animals are pos- 
sessed of sucn attributes, and are nourished from within. 

Thirdly, during the process of assimilation plants decompose 
the carbon-dioxide of the air or water in which they >re growing, 
and, uniting the carbon, which is obtained from this decomposi- 
tion, with the elements of water, to form starch, restore to the 
atmosphere or water the greater part of the oxygen. Animals, 
on the oontrary, during the process of respiration take into their 
tissues free oxygen, and return, in its place, to the surround- 
ing medium in which ! they live, carbon-dioxide, the result of 
the combination of the superfluous carbon in the animal system 
with the oxygen which has been inhaled. Plants, therefore, in 
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assimilation absorb carbon-dioxide and eliminate oxygen; while 
animals in respiration absorb oxygen and eliminate carbon- 
dioxide* This process of assimilation in plants must not be con- 
founded, as was formerly the case, with their respiration, as will 
be described hereafter in treating of the Physiology of Plants. 

Fourthly, while all plants and animals are made up of cells, 
those of the latter do not develops upon their exterior any sub- 
stance essentially differing from the more internal protoplasm ; 
the whole substance of the cell is more or less homogeneous, and 
consists throughout of matter which, when analysed, can be 
shown to be made up chiefly of the four elements, Carbon, 
Oxygen, Hydrogen, and Nitrogen. The protoplasmic mass 
forming the cells of plants, on the other hand, invariably sooner 
or later becomes changed on its outer surface ; a membranous 
covering is developed which, as the cell grows older, may be- 
come more or less thick, hard, tough or flexible, and which 
in a pure condition is destitute of the element nitrogen. This 
membrane is termed the cell-wall , and the substance of which 
it is composed is called cellulose. Plants, then, are made up of 
cells the protoplasm of which is enclosed in a cell- wall of cel- 
lulose ; while animals are made up of cells which have no such 
cell-walls. 

In reference to the above distinctive characters, it should be 
especially noticed that they are only general, namely, those de- 
rived from comparing together, as a whole, the members of the 
animal and vegetable kingdoms ; and that to all such characters 
some exceptions may be found when we compare particular in- 
dividuals. 

The presence of starch was also formerly considered as a 
diagnostic character of plants, but more recent investigations 
have shown that this substance, or at least one isomeric with, 
and presenting the same general appearances as it, is also to be 
found in the tissues of animals. The presence of starch there- 
fore in any particular organism, can no longer be regarded as 
forming an absolute distinctive character between a plant and 
an animal. 

We arrive accordingly at the conclusion that it is impossible 
to give a complete and perfect definition of a plant, or, in other 
words, to lay down any single character by which plants can in 
all cases be distinguished from animals. In determining, then, 
whether an organism under investigation be a plant or an 
animal, the naturalist must first take into his consideration, not 
any one character alone, but the sum of all the characters which 
it may exhibit. 
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ORGANOGRAPHY; OR . , STRUCTURAL AND MORPHO- 
LOGICAL BOTANY. 


The most superficial examination by the unassisted eye of any 
of the more highly developed and organised plants enables us 
to distinguish various parts or organs, as root, stem, leaves, 
and the parts of the flower. A similar examination of plants of 
lower organisation and development presents to our notice 
either the same organs, or organs of an analogous nature to 
those of the higher plants. By a more minute examination of 
these several organs by the microscope, it will be found that they 
are all made up of others of a simpler kind, in the form of little 
membranous closed sacs, called cells, and elongated tubular 
bodies, of various forms, sizes, and appearances, which are com- 
bined together in various ways. Hence, in describing a plant 
with reference to its structure, we have two sets of organs to 
allude to, namely, the compound organs or those which are visible 
to the naked eye, and the elementary structures of which they 
are composed. A knowledge of these elementary structures or 
building materials of plants is absolutely essential to a com- 
plete and satisfactory acquaintance with the compound organs ; 
but, previously to describing them, it will materially assist our in- 
vestigations if we give a general sketch of the compound organs, 
and of the plants which are formed by their union. According 
to the number of these compound organs, and the greater or 
less complexity which they exhibit, so, in a corresponding de- 
gree, do plants vary in such particulars. Hence we find plants 
exhibiting a great variety of forms ; that part of Botany which 
has for its object the study of these forms and their component 
organs is called Morphology. 



CHAPTER 1. 


GENERAL MORPHOLOGY OF THE PLANT. 


The simplest plants, such as the Red Snow {Protococcus), or 
Glceocapsa, consist of a single cell, which in form is more or less 
spherical or oval. In Protococcus {fig. 1) the cells separate 
almost as soon as formed, while in Glceocapsa they remain 
bound together by an environing capsule of gelatinous matter, 


Fig. 1. 


Fig. 2. 



Fig. 1. Several Red Snow plants ( Protococcus ( Palmella ) nivalis), enclosing 

minute bodies called spores, magnified. Fig. 2. Two plants of Oscillatoina 

spiralis . 


formed from the cell- wall, for a longer or shorter period. As, 
however, this matter absorbs more water, it is gradually dis- 
solved away and the cells are set free. In plants immediately 
above these in point of complexity we find the cells still all alike, 
but instead of being separated, joined end to end and forming 
a straight or curved rod, as in Oscillatoria {fig. 2). All these 
plants— so far at least as is known — multiply by division of their 
cells only ; but a little higher in the scale we meet with plants in 
which certain of their cells perform the function of nutrition, 
while others are set apart for the purpose of reproduction. 
Thus, in the Moulds, such as Mucor (fig. 3), or Penicillium (fig. 4), 
the cells which serve as organs of nutrition form branched, jointed 
filaments, which lie upon the surface of the substance furnishing 
the plants with food ; while those destined to reproduce the 
individual are developed in globular cavities (asci), as in Mucor ; 
or are arranged in necklace-like branches at the end of special 
filaments, as in Penicillium. 

Yet a little higher in the scale of vegetable life we find the 
cells so combined as to form leaf-like expansions (fig. 5), or solid 
axes, as well as special organs of reproduction (fig. 5, t, t). But 
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these cells are all more or less alike, so that no true distinction 
can be drawn between the often very different looking parts we 
meet with in such plants as a sea- weed or a mushroom. Such a 
combination of similar cells, whatever the precise form may be, 
which presents no differentiation of leaf, stem, and root, is 
called a thaUus or thallome , and every thallus-producing plant 
is therefore termed a Thallophytc or Thallogen. Under the head 
of Thallophytes we comprise all those simpler forms of plants 
which are commonly known as Algse, Lichens, and Fungi. 


Fig. o. 


Fig. 4. 



Fig 3. A species of Mould ( Afucot ), with mycelium 
below, from wluch two stalks are seen to arise, 
each of which is terminated by a sac ( a*cus ), 
from which a number of minute bodies (sports) 

are escaping Fig. 4. Another mould (Pemcil- 

hum qlaucnm ), with mycelium and stalk bearing 
several lows of cells, which are the germinating 

vpores (conuixa) Fig. 5. Thallus or thallome 

of the common Bladder Sta-weed ( Fucus vest culo- 
\us) t, t The fructification, v, v. Bladders of air 


Fig. 5. 



Again, as all Thallophytes are composed of cells which ap- 
proach more or less closely to the spherical or oval form, or if elon- 
gated are thm- walled and flexible, they are also termed Cellular 
Plants , in contradistinction to those which come above them which 
are called Vascular Plants on account of their possessing, in addi- 
tion to these cells which are termed parenchymatous, elongated 
thick-walled cells, called prosenchymatous or wood-cells (see 
page 37) ; and also, m most cases, except m the intermediate 
orders of Liverworts and Mosses, variously formed tubular or- 
gans which are known under the name of vessels. 

From the Thallophytes, by various intermediate stages, we ar- 
rive at an order of plants called Liverworts . In the lower forms 
of this group, e.g. Marchantia (Jig. 6), we have a green flat 
thallus-looking stem bearing upon its under surface scale-like 
appendages, the first representatives of true leaves. In the 
higher forms, as J ungermannia (Jig. 7), the stem and leaves are 
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both more highly developed. In the Mosses, e.g. Polytrichum 
(Jigs* 8 and 9 ), the stems often contain elongated cellB, which are 


Fig. 6. Fig. 8. 



Fig. 9. 



Fig. 6. A portion of the flat tballoid stem of Marchaalia polymorphct, 

showing an antheridial receptacle, r, supported on a stalk, s . Fig. 7. 

Jungermannia bideutata. The stem is creeping, and bears numerous small 

imbricated leaves. Fig. 8. Hair-moss (Poly ti^chum), with its leaves, 

stem, and fructification ( archegontum ). Fig. 9. The male plant, as it 

is commonly termed, of the Hair-moss, with its stem and leaves, and 
terminated by the male organs (antheridia ) . 


to a certain extent thickened, and differ little from the true 
wood-cells met with in higher plants ; this tissue, too, is often 
prolonged into the leaf, when it forms a midrib. Correlated with 
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this greater development of the organs of nutrition we find 
the reproductive apparatus similarly advanced in complexity of 
structure. The female element, or oosphere , consists of a mass 
of protoplasm situated in the interior of a flask-shaped cellular 
organ, the archegonium {fig. 8), and this is fertilised by small 
particles of motile protoplasm (anther ozoids), which are de- 
veloped in cells formed inside a bladder-like structure called the 
anthemdium (fig. 9). 

All plants, from, and including the Liverworts and Mosses up- 
wards, under ordinary circumstances, present us with a distinct 
stem bearing leaves, and are therefore called Gormophytes ( corma , 
a stem), signifying that they are stem-producing plants, to distin- 
guish them from the ThaUophytes or thallus-forming plants, just 
alluded to. 

The Liverworts and Mosses are, how- Pig. 10 Fig. 11. 
ever, destitute of true roots and vessels, 
such as exist in the next and all the 
higher groups of plants. 

Still ascending, we find in the Club- 
mosses (fig. 10), Horsetails (fig. 11), 

Ferns (fig. 12), a continued advance- 
ment in complexity of structure, spiral 
and other vessels make their appearance 
for the first time, and the stems are fre- 
quently of considerable magnitude. Ca- 
tamites , an order of plants nearly allied 
to the Horsetails, and which were ex- 
tremely abundant during the formation 
of our coal measures, would appear to 
have reached the height of our loftiest 
trees ; while at the present day in tropical 
countries, Tree-ferns will frequently at 
tain the height of twenty feet or more 
(fig. 13), and sometimes even as much 
as forty feet. In these plants true roots 
first also appear, but they are generally Fig io. The common Club- 
broken up into numerous small fibres and 111088 ciaw- 

never become enlarged as in the tap-roots cation of the Great Water 
(fig. 18, r) of the higher flowering plants. Horsetail ( Equisetum Tti- 

Gruptogamous J Plants . — In all the mateia ^ 
plants above mentioned we have, no evi- 
dent flowers as ijj tfi§ higherj>lants, hence they are called Flower- 
less ; but thei£ organs of reproduction are very "small anaincon- 
spictfous, and therefore they are also termed Gryptogamous , that 
is to say, plants with concealed or invisible reproductive organs. 
These Gryptogamous plants are again divided into two groups, 
called Gormophytes and ThaUophytes ; the latter comprising the 
simpler forms of plants, which, as previously noticed, are com- 
monly known as Algee, Fungi, and Lichens, and which present 





Fig. 12. The Male Fern ( Lcutrea Fihx-mas). — Ftg. 13. A Tree-fern, show- 
ing a tuft of leaves ( Jionds ) at the apex of a cylindrical stem, which Js 
enlarged at its base, ra, by the development of a mass of adventitious 
roots. 


11), and Ferns (figs. 12 and 13), which present us with an evi- 
dent stem, bearing leaves, and, except the Liverworts and 
Mosses, also true roots and vessels of different kinds. 
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Phanerogamous Plants. — All plants above those called Cryp- 
togamous, from possessing evident flowers or reproductive organs, 
are termed Phanerogamous , Ph&nogamous, or Flowering. These 
latter plants are also reproduced by true seeds instead of spores , as 
is the case in all Cryptogams ; a seed being essentially distin- 
guished from a spore, from containing within itself in a rudi- 
mentary condition all the essential parts of the future plant in 
the form of an embryo (Jig. 14) ; while a spore merely consists 
of a single cell, or of two or more united, and never exhibits 
any distinction of parts until it begins to develops in the ordinary 
process of vegetation, and then only in certain cases. 

These Phanerogamous plants also present two well-marked 
divisions, called respectively the Angiospermia and Gymnosper- 
mia : the former including those plants in which the ovules 
are enclosed in a case called an ovary (fig. 32, o, o) ; and the 
latter, such plants as the Fir and Larch, in which the ovules 


Fig. 15. 



Fig. 14. Dicotyledonous embryo of the Pea. r. The radicle, t. The axis 
( tigelle ), terminated by the plumule, n. c, c. The cotyledons or soed-leave?. 

Fig. 10. Bract or carpellary leaf, sc, of a species of Finns, bearing two 

naked ovules, ov, at its base. 

are naked (fig. 15, ov) or not enclosed in an ovary. In the 
Phanerogamous plants we have the highest and most perfect 
condition of vegetation, and it is to these that our attention 
will be more especially directed in the following pages. But 
before proceeding to describe in detail the elementary struc- 
tures of these and other plants and the different parts or organs 
which they form by their combination, it will be more conve- 
nient and intelligible to give a general sketch of the nature 
and characters of these compound organs, and to explain the 
meaning of the various technical terms which are employed for 
their description. 

We have just stated that a seed contains an embryo, in which 
the essential parts or organs of the future plant are present 
in a rudimentary state. The embryo of a common Pea may be 
taken for the purpose of illustration (fig. 14). Here we find a 
distinct central axis, t , the lower part of which is called the 



12 


SEED. — GERMINATION. 


radicle , r ; and its upper extremity, which is terminated by two 
or more rudimentary leaves, is termed the plumule or gemmule, 
n. This axis is united to two fleshy lobes, c, c, whose office is 
of a temporary nature, and to which the name of cotyledons or 
seed-leaves has been given. Some seeds only contain one coty- 
ledon in their embryo (fig. 17, c), instead of two as just de- 
scribed in the Pea (fig. 14, c, c) ; hence we divide Phanerogamous 
plants, or those which are reproduced by seeds, into two great 
classes, called, respectively, Dicotyledones (two cotyledons ), and 
Monocotyledones (one cotyledon). As Cryptogamous plants have 
no cotyledons, they are termed Acotyledonous ; hence we have 
two great divisions of plants, the Cotyledones and the Acoty- 
ledones, the former being again divided into the Monocotyle- 
dones and the Dicotyledones. 

Fig. 16. Fig. 17. 




ftg. 10. Germination of the Haricot or French Bean, a Dicotyledonous plant. 
r. The roots, springing from the lower end of the axis, t (tigelle) . c , c. The 

cotyledons, d, d. The leaves. Fig. 17. Germination of Maize, a Mono- 

cotyledonous plant, t. The axis, giving off roots from its lower extremity. 
c. The cotyledon, g. The leaves and young stalk. 


When a seed is placed under favourable circumstances (which 
will be treated of hereafter in speaking of the process of germi- 
nation), the embryo it contains begins to develope (figs. 16 and 
17) ; the lower part of its axis, t, or radicle, or one or more 
branches from it, growing in a downward direction, while the 
upper part elongates upwards, carrying the plumule with it, 
and at the same time the cotyledonary portion becomes deve- 
loped and forms the first leafy organs. We have thus produced 
a central axis developing in two opposite directions ; the lower 
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port is called the descending axis or root (fig. 16, r), and the 
upper the ascending axis or stem , t. Upon this ascending axis 
or its divisions all the future organs of the plant are arranged ; 
those which immediately succeed the cotyledons, c, c , constitute 
the first true leaves of the plant, d } d ; and all which succeed the 
leaves in the order of development, such as the flower and its 
parts, are merely modifications designed for special purposes of 
those organs which have preceded them. Hence these three 
organs, namely, root, stem, and leaves, which originally exist in 
the embryo in a rudimentary state, or are developed as soon as 
germination commences, are called the fundamental organs of 
the plant. They are also called organs of nutrition or vegetation , 
because they have for their object the nutrition and develop- 
ment of the plant to which they belong ; while the flower and 
its parts have assigned to them the office of reproducing the 
plant by the formation of seeds, and are hence termed organs of 
reproduction. 

In like manner, when a spore germinates, it either simply de- 
velopes parts which, as we have seen, perform equally both nutri- 
tive and reproductive functions ; or a certain special apparatus is 
designed for the latter purpose, as is the case in all the higher Cryp- 
togamous plants. We have here, therefore, as in Phanerogamous 
plants, two manifestly distinct series of organs, one adapted for 
nutrition, and another for reproduction. Hence in treating of 
the different organs of the plant, both in reference to their 
structure and functions, we arrange them in two divisions : 
namely, 1. Organs of Nutrition or Vegetation ; and 2. Organs of 
Reproduction. But before proceeding to describe these in detail, 
it is necessary that we should briefly define these organs, and 
explain the terms used in describing their principal modifications.' 

- * 1. Organs of Nutrition or Vegetation, a. The Root . — 

The root (figs. 16 and 18, r) is that part of a plant which at 
its first development in the embryo takes a direction oppo- 
site to the stem, avoiding the light and air, and hence called 
the descending axis, and fixing the plant to the soil or to the 
substance upon which it grows, or floating in the water when 
the plant is placed upon the surface of that medium. The divi- 
sions of a root, which are given off irregularly and without any 
symmetrical arrangement, are termed branches (fig. 18, r), and 
the hair-like prolongations found upon young growing roots 
are called fibrils or root hairs (Jig. 19). 

b. The Stem or Caulome.— The stem (fig. 18, t) is that organ 
which at its first development passes upwards, seeking the light 
and air, and hence termed the ascending axis, and bearing on its 
surface leaves, /, /, and other leafy appendages. The leaves are 
always developed at regular points upon the surface of the stem, 
which are called nodes , and in the axil of every leaf (that is, in 
the angle produced by the junction of the base of the upper sur- 
face of the leaf with the stem) we find, under ordinary circum- 
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stances, a little conical body called a leaf -bud {figs. IS, 6, 6, and 
21, b). From these leaf-buds the branches are subsequently 

Fio. 18. Fra. 19. 



Fig. 18. Lower part of the stem and root of the common Stock, r . The 
root with its branches, c. The neck or point of union between stem and 

root. t. The stem. /,/. Leaves. 6,6. Buds. Fig. 19. Fibrils or root- 

hairs on the surface of a young root. 

produced, and hence, in the stem, these are symmetrically 
arranged, and not irregularly, as in the root, where there is no 
such special provision for their formation. It is in the presence 

Fig. 20. Fig. 21. 


Fig. 21. Leaf and portion of a brand] 
of Salixaurita. r. Branch. 6. Bud. 

/. Lamina with the upper portion re- 
moved, and attached by a petiole, p, 
to the stem, s, s. Caulinary stipules. 

Fig. 20. Leaf and piece of stem of Polygonum Ilydropiper. 

1. Lamina or blade, p. Petiole, d. Sheath or vagina. 

of leaves and leaf-buds that we find the essential characteristics 
of a stem, as both these organs are absent in the root. 
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c. The Leaf or Phyllome. — The leaf is commonly a more or less 
flattened expansion of the stem or branch (figs. 20 and 21). As 
already stated, the point from which it arises is called a node ; and 
the space between two nodes is therefore termed an internode. In 
its highest state of development the leaf consists of three parts ; 
namely, of an expanded portion, which is usually more or less 
flattened (figs. 20 and 21, 1 ), called the lamina or blade ; of a 
narrower portion by which the lamina is connected with the 
stem, termed the petiole or leaf -stalk (figs. 20 and 21, p) ; and of 
a third portion at the base of the leaf which exists in the form 
of a sheath (fig. 20, d) encircling the stem, or as two little leaf- 
like appendages on each side, which are called stipules (fig. 21, 
s , s ). These three portions are by no means always present ; 
but one or two of them may be absent ; and in such cases when 
the petiole is absent the leaf is said to be sessile , and if the 
stipules are wanting the leaf is described as exstipulate. When 
a leaf becomes thick and fleshy, instead of presenting its ordinary 
flattened appearance, it is termed succulent. 

2. Organs of Reproduction. — As already noticed, the parts 
of a flower are only leaves in a modified condition adapted for 
special purposes ; and hence a flower-bud is analogous to a leaf- 
bud , and the flower itself to a branch the intemodes of which 
are but slightly developed, so that all its parts are situated in 
nearly the same plane. 

a. The Flower-stalk or Peduncle. — The stalk which bears a 
solitary flower or several sessile flowers (fig. 22, p), is called the 
flower-stalk or peduncle ; or if the stalk branches and each 
branch bears a flower, the main axis is still called a peduncle , 
and the stalk of each flower a pedicel (fig. 23, ped , ped) ; or 
if the axis be still further subdivided, the general name of 
peduncle is applied to the whole, with the exception of the 
stalks immediately supporting the flowers, which are in all 
cases called pedicels. The leaves which are placed upon the 
flower-stalk, and from the axils of which the flower buds arise, are 
termed bracts or floral leaves (figs. 22 and 23, b , b). In some 
cases these bracts are of a green colour, and in other respects re- 
semble the ordinary leaves, but usually they are distinguished 
from the leaves of a branch by differences of colour, outline, and 
other peculiarities. The flowers are variously arranged upon the 
floral axis, and to each mode of arrangement a special name is 
applied ; the term inflorescence being used in a general sense to 
include all such modifications. 

b. The Flower. — A complete flower (fig. 24) consists of the 
essential organs of reproduction enclosed in two particular en- 
velopes which are designed for their protection. The essential 
organs are called the Andrcecium (fig. 25, ec, ec), and Gynoecium or 
Pistil (figs. 2fy,sti, and hi, o, sti). The floral envelopes are termed 
Calyx (fig. 24, r), and Corolla , p, p. The extremity of the peduncle 
or pedicel upon which the parts of the flower are placed, is called 
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the Thalamus , or sometimes, but improperly, the Receptacle (figs. 
25, r, and 30, x). The floral whorls or circles are situated on 
the thalamus, proceeding from without inwards in the following 
order: — 1. Calyx, 2. Corolla, 3. Andrcecium, 4. Gynoecium. 

The Calyx (fig. 24, c) is the whorl or circle of organs forming 

Fig. 23. 



Fig. 22. Inflorescence of a species of Broom-rape ( Orobanche Eryngii). p. Pe- 
duncle. 6, b. Bracts fl. Flower. Fig. 23. Inflorescence of Rampion 

(Campanula Rapunculus). p. Peduncle. ped,ped. Pedicels. 6,6. Bracts. 

Fig. 24. Flower of Wallflower ( Cheiranthus Cheiri). c. Calyx, composed 

of parts called sepals, the two lateral of which are prolonged at the base 
into a little sac, and are hence said to be gibbous, p, p. Petals, of which 
there are four arranged in a cruciform manner, the whole forming the 
corolla, e. Summit of the stamens, which enclose the pistil. 

the outer envelope or covering of the flower. Its parts are 
called Sepals, and these are generally green, and of a less deli- 
cate texture than those constituting the corolla. In texture, 
appearance, and other characters they bear commonly a great 
resemblance to the true leaves. 
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The Corolla, {fig. 24, p, p), is the whorl or whorls of leafy 
organs situated within the calyx, and forming the inner enve- 
lope of the flower. Its parts, which are called Petals , are fre- 
quently decorated with the richest colours ; by which character, 
and by their more delicate nature, they may be usually known 
from those of the calyx. 

The calyx and corolla are sometimes spoken of collectively 
under the name of Perianth (fig. 27). This term is more 
particularly applied to Monocotyledonous Plants, where the 
floral envelopes generally resemble each other, and are usually 
all coloured or petaloid in their nature. The Tulip, the Iris, 
and the Crocus may be taken as familiar examples. 


Fig. 25 . Fig. 20 . 


Fig. 27 . 



Fig. 25. Flower of Wallflower witli tue calyx and corolla removed, in order 
to show the essential organs of reproduction, r. Thalamus, gl. Glands. 
ec, ec. Stamens, of which there are six, four long and two short, the whole 
forming the androeciuin. Mi. Stigma, the summit of the gyncecium or 

pistil. Fig. 26. One of the stamens of the Wallflower, f. Filament. 

a. Anther, p. Pollen, which is being discharged from a slit in the anther. 
-Fig. 27. Flowor of a species of Squill (Sail a italica). The parts com- 
posing the floral envelopes here closely resemble one another, and form col- 
lectively a perianth. 


The floral envelopes are also called the non-essential organs of 
the flower, because their presence is not absolutely necessary 
for the production of the seed. Sometimes there is only one 
floral envelope, as in the Goosefoot (fig. 28) ; this is then pro- 
perly considered as the calyx, whatever be its colour or other 
peculiarity, and the flower is said to be Monochlamydeous. Some 
botanists, however, use the term perianth in this case, as will be 
described hereafter in treating of the Calyx in detail. At other 
times, as in the Ash (fig. 29), and Willow (figs. 33 and 34), both 
the floral envelopes are absent, when the flower is termed naked 
or Achlamydeons. When both floral envelopes are present (fig. 
24), the flower is said to be Dichlamydeous. 

The Androecium constitutes the whorl or whorls of organs 
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situated on the inside of the corolla (fig. 25, ec, ec). Its parts 
are called Stamens. Each Rtamen consists essentially of a case 
or bag, called the Anther (fig. 26, a), which contains in its inte- 
rior apowdery, or more rarely waxy, substance, called the Pollen , 
p. This pollen, the nature of which can only be seen when 



/•’iff. 28. Flower of Goosufoot ( Chenopodium ), with only one floral envelope 

( monocklanivdeous). Fig. 29. Flower of the common Ash (Fraziuus), in 

which the floral envelopes are altogether absent {achlainydeow t). 


highly magnified, is found to be formed of an innumerable num- 
ber of minute grains, or more properly cells, the pollen grains or 
pollen cells , each of which resembles a double sac enclosing a 


Fig. .‘10. Fig. . 'll. Fig. 32. 



Fig. 30. Gyncocium of Columbine (AguiUgui vulgaris), p. Peduncle, .r. 
Thalamus, c. Carpels, each witli an ovary, <> ; style, sty ; and stigma, slug. 

Fig. 31. UyncBciuin of Poppy (Faparer), with one stamen arising from 

below it ( hypogyuous ). o. United ovaries, sff. Stigmas. Fig. 32. 

Vertical section of the gynoecium of the Pansy ( Viola tricolor), c. Calyx. 
d. Ovary. />. Placenta. o,o. Ovules, s. Stigma on the summit of a short 
style. 

granular fluid protoplasm, th efoviUa, and which constitutes the 
male fertilising element. The pollen when ripe is discharged, as 1 
represented in the figure, through little slits or holes formed in 
the anther. These are the only essential parts of a stamen ; 
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but it generally possesses in addition a little column or stalk, 
called the Filament , /, which then supports the anther on its 
summit. When the filament is absent, the anther is said to be 
sessile, The staminal whorl is termed the Andreev ium, from its 
constituting the male system of Flowering Plants. 

The Qyncecium or Pistil is the only remaining organ ; it occu- 
pies the centre of the flower (Jig. 25, sti), all the other organs 
being arranged around it when these are present. It consists of 
one or more parts, called Carpels , which are either distinct from 
each other (apocarpous), as in the Columbine (Jig. 30, c), or com- 
bined into one body ( syncarpons ), as in the Poppy (Jig. 31). 
The pistil is termed the gyncecium from its constituting the 
female system of Flowering Plants. Each carpel consists of a 
hollow inferior part, called the Ovary (Jigs. 30, o, and 32, d). 


Fio. 33. 



in which are placed one or more little bodies called Omdes (Jig, 
32, o, o), attached to a part called the placenta , p , and which 
ultimately by fertilisation from the pollen become the seeds ; of 
a Stigma, or space of variable size, composed of lax parenchyma- 
tous tissue without epidermis, which is either placed sessile on 
the top of the ovary, as in the Poppy (Jig. 31, sti), or it is situated 
on a stalk-like portion prolonged from the ovary, called the Style 
(Jig. 30, sty). The only essential parts of the carpel are the 
ovary and stigma ; the style being no more necessary to it than 
the filament is to the stamen. 

The andrcecium and gyncecium are called essential organs 
because the action of both is necessary for the production of 
the seed ; a flower, therefore, which contains both andrcecium 
and gynoecium, is said to be perfect. It frequently happens, 
however, that either the gynoecium or androecium is absent 
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from a flower, as in the Willow (figs. 33 and 34), in which 
case the flower is termed unisexual ; and it is still further cha- 
racterised as dominate- or male (fig. 33), or pistillate , carpel - 
lary, or female (fig. 34), according as it possesses one or the 
other of these organs. 

c. The Fruit wnd Seed. — At a certain period the pollen is 
carried to the stigma by insects ( entomophilems ), or borne by the 
wind (anemophilous) ; this is called pollination, and is to be distin- 
guished from fertilisation , which consists in the commingling of 
the fovilla with the female element of the ovule, —the germinal 
vesicle. After fertilisation has been effected, important changes 
take place in the pistil and surrounding organs of the flower, 
the result being the formation of the fruit. Essentially the 
fruit consists of the mature ovary or ovaries, containing the im- 
pregnated or fertilised ovule or ovules, which are then termed 
seeds. In some cases, besides the mature ovaiy or ovaries, other 
parts of the flower, as will be explained hereafter (see Fruit), 
also become a portion of the fruit. The fruit, when perfectly 
formed, whatever be its composition, consists of two parts ; 
namely, the shell or pericarp , and the seeds or seed contained 
within it. At varying periods, but commonly when the fruit is 
ripe, the pericarp opens so as to allow the seeds to escape ; or it 
remains closed, and the seeds can only become free by its decay. 
In the former case the fruit is said to be dehiscent ; in the latter, 
indehiscent. Fruits with very hard or fleshy pericarps are usually 
indehiscent. 

The seed , as already noticed, is the fertilised ovule. It con- 
sists essentially of two parts; namely, of a nucleus or kernel 
(fig. 35, emby alb), and integuments , int. 
There are usually two seed-coats or integu- 
ments, the external of which is commonly 
designated as the testa or episperm , and the 
inner as the teg men or cndopleara. The 
nucleus or kernel may either consist of 
the embryo alone, which is alone essential 
to it (fig. 14), or of the embryo (fig. 35, 
emb) enclosed in nourishing matter, called 
the endosperm or albumen , alb. 

The parts of the embryo having been 
already described, and the mode in which 
the fundamental organs of the plant are 
developed from them, we have now finished 
our general sketch of plants in different 
degrees of organisation, and the compound 
organs which they respectively present, 
and are, therefore, able to proceed to describe in detail the 
elementary structures or building materials of which they are 
composed. ' 


Fig. 35. 



Fiff. 35. Vertical soetl 
of the seed of a species 
of Poppy ( Fapavei ). 
mt. Integuments, emb. 
Embryo, alb. Albumen 
-or endosperm. The purts 
within the integument** 
form the nucleus of the 
soed. 
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CHAPTER 2. 

ELEMENTARY STRUCTURE OF PLANTS, OR VEGETABLE 
HISTOLOGY. 

Section 1. Of the Cell as an Individual. 

The description of the elementary structure of plants is termed 
Vegetable Histology. 

All plants, as we have previously seen (page 5), are made up 
of one or more membranous closed sacs called cells ; these vary 
in form, size, and texture according to the different surrounding 
conditions in which they are placed, and the functions which they 
have to perform (see page 35). The cell is therefore the only ele- 
mentary organ possessed by a plant ; and hence cells, as the ulti- 
mate elements of plants, necessarily demand our special attention. 
We shall begin, then, by first describing their general characters 
and the nature of their contents ; and then pass on to a more 
detailed examination of their various forms, sizes, and structure. 

I. General Characters ; and Contents of Cells. — In the 
very earliest stage of a plant’s existence— in, for example, the ger- 
minal vesicle of the higher plants — the cell, then termed the pri- 
mordial cell, consists only of a rounded mass of a semifluid sub- 
stance to which Mold has given the name of protoplasm. Very 
shortly, however, this protoplasm surrounds itself on the outside 
with a thin transparent skin of cellulose — the cell wall — and in 
this condition three distinct parts can be observed in the cell 
{fig. 36): 1. the cell wall, a ; 2. the internal protoplasm above 
mentioned, b ; and 3. the nucleus, c, which is a rounder, denser 
portion lying in the midst of the protoplasm. At first the pro- 
toplasm completely fills the cavity, but as the cell grows larger 
it becomes insufficient, and hollow spaces or vacuoles {figs. 37 and 
3§, s', s'), make their appearance in it, which are filled with a clear 
watery fluid called sap ; the nucleus, is then suspended in the 
cell and connected to the protoplasm lining its inner wall, by 
slender threads or bands of the same substance {fig- 38, p\ p'). 
This watery sap in the very young cells is diffused generally 
through the protoplasm. As the cell continues to enlarge, these 
vacuoles run together so as to form one large hollow space {fig. 
38, s, s), and the protoplasm is then confined to a thin layer lining 
the interior of the cell-wall — the primordial nt? icle, p, with the 
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nucleus showing as a denser mass in an enlargement of the proto- 
plasm on one side, k y h In this mature cell, as it may be termed, 
we distinguish, 1. the cell-wall, 2. the protoplasm, 3. the nucleus, 
4. the cell-sap, which will now be described in order, as placed. 

1. The Cell- w all ( figs. 36, o, and 38, h ). — We have just seen 
that the original cell, from the after divisions of which the future 
structure is built up, consists of protoplasm alone — that, in other 
words, it has no cell- wall. Very shortly, however, this condition 
of things disappears. The protoplasm, having elaborated mole- 
cules of cellulose (C 0 H 10 O 5 ), passes them to its outer surface, 
where they form a thin, colourless, transparent, continuous mem- 


Fiu. 3G. 



Fro. 37. 



Fio. 38. 



fuj. 36. A coll from the root of thf Lizard Orchis ( Orr/ns himna). a. The 
cell-wall, consisting of cellulose, b. The protoplasm contracted by alcohol, 
c. The nucleus with a nucleolus. /ty. 37. Cell with nucleus and nu- 
cleolus and vacuoles. Ftg. 38. Cells from the root of Frit til ana tmpen- 

alts. h. Cell-wall. ^Nucleus. IJ. Nucleoli, p. Primordial utricle. 
pt s p\ Protoplasmic threads, »,s. Cell -sap cavit> . s 1 , s'. Vacuoles. After 
yachs. 

brane or skin. This membrane increases in thickness by the 
intussusception of new molecules between the older ones, ahd 
eventually there are generally developed upon it various mark- 
ings, which may either be protuberances as in the case of some 
pollen cells (fig. 70), and on the cells forming the hairs on the 
surface of plants (fig. 71) ; or internal depressions, as may be 
seen in spiral, annular, reticulated, scalariform, and pitted cells 
(see pages 39-42). Those cells which are isolated, or on the sur- 
face of the plant, have the various markings on their outer or free 
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surface, while those that are united to form tissues have them 
on the internal surface of their cell- wall. The former is termed 
centrifugal thickening ; the latter centripetal thickening. 

This cellulose is insoluble both in cold and in boiling water, 
also in alcohol, ether, and dilute acids, and almost insoluble in 
weak alkaline solutions. By the action of cold concentrated 
sulphuric acid the cellulose is broken down, and when diluted 
and boiled, converted first into dextrin, and then into grape- 
sugar. When cellulose is steeped in dilute sulphuric acid, and 
then treated with a solution of iodine, or if it is acted upon by 
Schultz’s solution, it is coloured bright blue. The cell-wall con- 
tains in addition to the molecules of cellulose a small quantity of 
mineral ash. 

It rarely happens that cellulose can be found pure, as, in addi- 
tion to the mineral ash above mentioned, it generally is rendered 
more or less impure by the protoplasm which remains after the 
death of the cell. That which is furnished by the cells of hairs, 
such as Cotton, is generally the most free from extraneous matters. 
The cell-wall is frequently hardened by the conversion of its 
cellulose into a substance called lignin. This lignification takes 
place where hardness or strength is required, as in the tissue 
forming the shell of nuts, or in the wood-cells forming the stems 
of trees. The walls of cells which lie on the surface of plants, 
and are consequently exposed to more active chemical influ- 
ences, usually become cuticularised, as in the epidermis of leaves 
and in the cork cells of the bark ; the cell -wall in such cases 
becomes thickened and impervious to moisture, and it is owing 
to this circumstance that delicate plants are enabled to withstand 
the scorching and withering heat of the hot sun ; it is also this 
cuticularisation of the cork cells of the bark which protects the 
internal living parts of trees from the damaging influence of 
frost in winter. 

Besides the above-mentioned changes which take place in 
the cell-wall, others occur which are the result of degradation. 
The mucilage of plants, as that of the Mallow ; or the slimy sub- 
stance given off by Seaweeds, or the gelatinous matrix of such or- 
ganisms as Nodoc and (rh'ocapsa, are examples of this ; gums and 
resins are also the products of the degradation of the cell-walls 
of special cells of the wood of the trees in which they occur. 

2. The Protoplasm is the only part of the cell, and therefore 
of the whole plant, which is possessed of life ; and the differences 
in the form, size and nature of cells is due to the vital energy 
which it is capable of exerting. If this energy is exerted equally 
in all directions, and there are no other counterbalancing forces, 
such as pressure from neighbouring cells, the form which the 
cell will assume will be one approaching to a sphere (fig. 59). 
If, on the other hand, this energy is exerted in one direction 
only, the cell will assume an elongated form (fig. 67). If again 
in two directions, flattened or tabular cells will be the result 
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(fig, 65). This internal energy, which is peculiar to living pro- 
toplasm, is frequently spoken of as vital force. 

The appearance of protoplasm is as varied as is the form of 
the cells which it produces. It may be granular and opaque, or 
perfectly transparent ; it may be almost fluid, or of the consis- 
tency of dough ; or again it may be hard or brittle : generally, 
however, it is of a light grey colour and more or less granular. 
According to Sachs, that matter only ought to be regarded as 


Fig. 89. 



Fig. 40, 








Fig. 41. 



Fig. 30. Three cell** of one of the hairs of the common Potato plant, showing' 
the circulation of t he c mtents of each cell in reticulated currents. In the 
central cell the direction of the currents is in part indicated by arrows. 
After Schlciclen. Fig. 40. Cells of the loaf of Valiisnetia spiralis, show- 

ing the circulating current with its granular contents, passing up one side 
of each cell, across, and down on the other hide. The direction of the 

currents is indicated by the arrows. Fig. 41, Cell of the leaf of J unger - 

mannia Taylori, showing the protoplasm contracted by alcohol. After Mold. 


protoplasm which is perfectly transparent, and the grannies 
where they occur are to be looked upon as ‘ probably finely 
divided, assimilated food-material. ’ 

The Movements of Protoplasm . — Doubtless during the whole 
time that the cells are growing the protoplasm is in a constant 
state of motion, although in many cases too slow to be observed ; 
but in some cells, such as those forming the hairs of certain 
plants— e.g, as in those of the Potato (fig. dfl), those occurring 
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*u>n the filaments of Tradescantia , or in those forming the stings 
of the Nettle, or again in the cells forming the leaves of many 
water-plants, e.g. Vallimeria , fig, 40, — this motion is readily 
observable. It would seem as though these movements existed 
for the purpose of bringing every part of the living matter into 
constant communication with the nutriment-bearing sac. 

Tn most cases the presence of protoplasm may be readily de- 
tected by the use of reagents. Alcohol and weak acids cause it 
to shrink from the cell-wall (figs. 36 and 41) ; a solution of 
iodine colours it brown ; while sugar and sulphuric acid cause 
it to assume a pink colour. 

Protoplasm is extremely rich in albuminoids, which chemically 
consist chiefly of carbon, hydrogen, oxygen, nitrogen, sulphur 
and phosphorus, the most distinctive element being that of 
nitrogen. The gluten of Wheat is a good example of an albu- 
minoid, and may be easily obtained by washing ordinary flour in 
a coarse muslin bag till all the starch has been got rid of. It 
then appears as a pale, grey, sticky substance, and when burnt 
gives off an offensive odour like that of burnt meat. Protoplasm 
also frequently contains globules of oil, granules of starch, and 
other similar substances. 

The Primordial Utricle (fig. 38, p) 9 as has already been observed, 
is the thin layer of protoplasm which lines the cell- wall after the 
cell has grown too large to be filled with the protoplasm alone. 
It is frequently so thin and transparent that it cannot be detected 
without the aid of reagents, which either colour it or cause it to 
separate from the cell-wall as mentioned above. Whilst living 
the primordial utricle is always inorganic connection with the cell- 
wall, which latter indeed is only matter that has been manufac- 
tured by the protoplasm, and then dejmsited upon its outer surface. 

3. The Nucleus or Cytoblast, which exists in all the cells 
of the higher plants, and is absent from only a few of the lower 
forms, is differentiated from the surrounding protoplasm as a 
denser portion of the same substance (fig. 36). It usually pre- 
sents a more or less rounded outline, and contains one (figs. 
36, c, and 37), or more (fig. 38, k', A:'), much smaller bodies, 
called nucleoli. It is always situated in, and more or less en- 
closed by the protoplasm, as we have already seen, and never lies 
loose in the cell cavity. It is the most vitally active part of the 
living substance. 

4. The Sap is the watery fluid which is found in the interior 
of the cell ; it contains dissolved or suspended in it all those food 
materials which are necessary for the life and growth of the cell. 
In the early stages of the cell’s life, before any vacuoles have ap- 
peared,. sap as a substance distinct from the protoplasm does not 
occur, as already seen, but only after the protoplasm has been 
found insufficient to fill the cell cavity does it make its appear- 
ance in these vacuoles. Besides containing substances which 
are necessary to the life of the cell, it contains also many 
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things which hare been thrown out from the protoplasm as nc* 
longer serviceable. Of this nature are the crystals of carbonate 
and oxalate of lime ; hence the sap may be regarded from one 
point of view as the food upon which the protoplasm lives, and 
from another point of view as the reservoir into which it pours 
out certain of its waste products. 

Besides sap, cells frequently contain other matters, the 
chief of which are chlorophyll , starch , raphides f and almrone 
grains. 

Chlorophyll and Chlorophyll Granules, a. Chlorophyll . 
— This is the colouring material which gives to leaves their 
well-known green appearance. Its chemical composition, owing 
to the great difficulty there is of obtaining it pure, is not 
known ; but there seems much reason to believe that it is closely 
allied to wax. It is not soluble in water, but is readily so in 
alcohol, ether, or benzole. By soaking leaves in any of these 
substances a beautiful green solution is obtained when viewed 
by transmitted light, but which is red when observed by reflected 
light. If a weak alcoholic solution of chlorophyll is shaken up 
with an excess of benzole, the mixture separates into two dis- 
tinct layers, the upper one of benzole which is coloured bright 
green, and the lower one of alcohol which is coloured bright yel- 
low ; by which it would seem that chlorophyll is not a simple sub- 
stance, but is a mixture made up of two or more colouring prin- 
ciples. It is possible however that the yellow colouring matter is 
due to chemical changes set up by the action of the solvent. The 
changes of colour of the leaves in autumn are due to changes in 
the chlorophyll similar to those above mentioned. In many fruits, 
such as the Cherry, Tomato, or Arum, the chlorophyll of the peri- 
carp becomes first yellow and then red, as the fruit approaches 
maturity . In many plants, such as the brown Seaweeds, e. g. Fucns , 
the green chlorophyll is obscured by an olive-green pigment, 
melanophyll ; or again in the red Seaweeds, such as Ceranium , by 
a red pigment, phycvenjthrw . In these cases the pigments are 
more readily soluble in alcohol than the chlorophyll, so that by 
steeping portions of the plants for a short time in spirit, the 
colouring matters which veiled the chlorophyll are dissolved out, 
and the presence of chlorophyll made manifest. Again, in some 
of the lower plants, such as Oscillatoria and Nostoc , there exists 
a blue pigment, phycocyan ; this may be obtained by soaking well 
bruised specimens in cold water, to which it imparts a beautiful 
blue colour when viewed by transmitted light, and a beautiful 
red when seen by reflected light. 

b. Chlorophyll Granules. — It is not to be supposed that the 
chlorophyll exists indiscriminately in every part of the cell, for, on 
the contrary, it is confined to special portions of the protoplasm 
which have been differentiated from the general mass. These por- 
tions of protoplasm are the so-called chlorophyll granules or chlo- 
rophyll grains , or, as they are also termed, chlorophyll bodies 
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and chlorophyll corpuscles. These granules appear as soft, doughy, 
more or less rounded masses, which are always enveloped 
by the surrounding protoplasm and never lie loose in the cell 
cavity. If a plant is grown in the dark or etiolated, these granules 
remain pale coloured ; but if it is exposed to sunlight, they 
speedily become coloured green by the chlorophyll, and when so 
coloured they have the power of breaking up the carbon dioxide 
of the air or the water in which they are growing, and, returning 
the oxygen to the air, retain the carbon, which they are able to 
mix with the elements of water in such proportions as to build 
up a molecule of starch, C 6 HjpO v This process of building up 
starch out of the carbon dioxide of the air or water is termed the 
process of assimilation , as mentioned on page 3, and is not to be 
confounded with the process of respiration, in which the very op- 
posite takes place, as will be described hereafter in treating of 
the Physiology of Plants. 

It has been said that chlorophyll is confined to the proto- 
plasm forming the chlorophyll granules ; this is true in all the 


Fn.. 42. 



Fio. 43. Fro. 44. 



Ftg. 42* Cell of the Potato containing starch granules. Ftq 43. West- 

India Arrowroot ( x 250). Fig. 44. Sago meal ( x 250). 


higher plants, but there are some plants amongst the lower orders 
in which the coloured portions form plates or spiral bands, as in 
fipirogyra ; or the whole protoplasm may be capable of being 
coloured, as in GJceocapsa and Oscillatoria, 

Starch. —There is no substance contained in the cells which 
has given rise to more discussion as to its origin and nature 
than starch. It is, with the exception of protoplasm, the most 
abundant and universally distributed of all the cell-contents, 
occurring as it does, more or less, in all parenchymatous cells 
{Jig. 42), except those of the epidermis. It is, however, most 
abundant in the matured structures of plants, as the pith of 
stems, seeds, roots, and other internal and subterranean organs 
which are removed from the influence of light. In these re- 
spects it presents a marked contrast to chlorophyll, which, as we 
have seen, occurs only in young and vitally active structures 
placed near the surface of plants, and directly exposed to light. < 
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Starch is not only widely distributed through the different 
parts of a plant, but it also occurs in varying quantity in all 
classes of plants with the exception of the Fungi. West Indian 
Arrow -root 43), Sago (Jig. 44), Tous-les-mois(^r. 45), and 

Potato starch (Jig. 46) may be mentioned as familiar examples of 
starches derived from different plants. In all cases starch is a 
transitory product stored up for future use, resembling in this 
respect the fat of animals. When thus required for the nutri- 


Fig. 45. Fig. 4G. 



Fig 45. Tous-lts moih (x250). Fig. 46 Potato staicli (x250). 


tion of the plant, it is converted previously, as will be afterwards 
seen, into dextrin and sugar, which are soluble substances, and 
can therefore be at once applied to the purposes of nutrition, 
which is not the case with starch m its unaltered condition, as 
it is then insoluble. 

When fully formed starch is found floating in the cell-sap 
(fig- 42) in the form of colourless transparent granules or 


Fig. 47. Fin. 48. Fit,. 49. 



Fig. 47. Compound starch granules of Wcst-India Arrow-root. After Schlei- 
den. Fig. 48. Wheat starch (x 250). Ftg.49. Rioe starch(x250). 


grains, varying in size ; which are either distinct from one 
another as is usually the case (figs. 43 and 44), or more or less 
combined so as to form compound granules (fig. 47). 
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In form the separate granules are always spherical or nearly so 
in their earliest condition. In some cases this form is nearly main- 
tained in their mature state, as in Wheat starch (Jig. 48), but 
the granules frequently assume other forms, as ovate, elliptical, 
more or less irregular, club-shaped or angular (Jigs. 43-46 and 
48-49). Such forms arise from the unequal development of the 
sides of the granules, or from mutual pressure, the same causes, 
indeed, which give rise in a great measure to the varying forms 
of the cells in which they are contained. Starch granules vary 
also extremely in size in different plants, and even in the same 
cell of any particular plant. The largest granules known ap- 
pear to be those of Uanna starch, or, as it is commonly termed, 
‘ Tous-les-mois/ where they are sometimes as much as the of 
an inch in length (Jig. 45) ; while the smallest granules, among 
which may be mentioned those of Rice starch (Jig. 49), are fre- 
quently under - 50 ^ of an inch in length. 

Development of Starch . — Starch first makes its appearance as 
minute colourless granules in the interior of the green chlo- 
rophyll grains when acted upon by the light of the sun, as 
previously noticed at page 27. These primary starch granules 
rarely grow to any considerable size, but are dissolved, chemi- 
cally altered, and poured out into the sap, of which they then form 
a part. A part of this primary starch may be used by the proto- 
plasm of the cell in which it is formed for the manufacture 
of its cell-wall, but by far the greater part is handed down from 
one cell to another till it arrives at particular parts of the plant, 
when it becomes reorganised and stored up for future use. In 
this latter state starch assumes its more characteristic appear- 
ance. In a well-developed Tous-les-mois or Potato granule 
(figs. 45 and 46) we may observe a round dark spot, which is 
termed the nucleus or hilum ,, situated near one end of the granule, 
and surrounded by a number of faint lines which alternate with 
other darker ones, so that the whole presents the appearance 
of a series of more or less irregular concentric shells placed 
around a common point. At iirst sight it is almost impossible to 
help believing that the granule must have been built up in the 
same manner as a crystal, namely, by the deposition of fresh 
matter over the older, or, m other words, that the outer rings of 
the starch granule have been deposited over those which are 
more internal, and that therefore they are the youngest portion 
of the granule. The observations of Nagel i have, however, 
proved this not to be the case. This observer has shown that 
the appearance of stratification in the starch granule is really 
due to the difference in the quantity of water which exists in the 
different parts of the granule, and he has proved that the outer- 
most layer, instead of containing the greatest amount of water, 
as it ought to do if it was the youngest part of the granule, con- 
tains the least, while the nucleus on the other hand is the most 
watery of all. Nageli concluded from these observations that 
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the growth of the starch granule was precisely the same as that 
which occurs in the cell- wall (see page 39) ; namely, that it grows 
by intussusception of fresh particles of the starch-compound 
between those of an older date ; and hence that the regular alterna- 
tion of dense layers with more watery ones round a centre or hilum 
produces the peculiar appearances of starch granules. Seeing 
then that the growth of the starch granule is by intussusception, 
it will be readily understood why it is that this growth cannot 
be carried on except bo long as the granule is imbedded in the 
substance of the living protoplasm, and that as 
soon as the protoplasm of the cells in which the 
starch is being formed is used up or killed, all 
further development of starch becomes impossible. 

In some cases, as for instance in the Euphor- 
biaceaz , starch granules are found in the elaborated 
sap of the laticiferous vessels (Jig. 60), and this 
would seem to be in contradiction to the above- 
mentioned law that starch granules can only be 
formed while enveloped ijn protoplasm, but the 
mode of formation of these granules has not been 
observed. 

The line drawn through the hilum and the 
longest diameter of the granule is termed its axis 
of growth. Sometimes a starch granule contains 
more than one hilum, and growth taking place 
round each, the common envelope at length 
gives way, and so compound starch granules are 
formed, such as have been described on page 28. 

Composition and Chemical Characteristics of Starch, C„H 10 O v — 
The starch granule consists of the true starch-compound and ucatei . 
The starch-compound is again formed of two substances, which 
are intimately blended together, viz. grannlose and cellulose. The 
granulose makes up by far the greater part of the starch- 
compound, being in the proportion of 95 to 5 of cellulose. It is 
capable of being dissolved out of the cellulose by Baliva and 
dilute acids, and it is to this substance that the starch granule 
owes its violet-blue colour when treated with a solution of iodine. 
The cellulose on the other hand, being not soluble, is left behind 
as a skeleton, and is not coloured blue by the iodine solution. 

Starch is, therefore, composed chemically of carbon and the 
elements of water. Starch, however, never occurs naturally in a 
perfectly pure condition, but it always contains a very small 
quantity of mineral constituents, and also a certain proportion 
of the peculiar secretions of the plant from whence it is derived. 
These impurities can never, under ordinary circumstances, be 
entirely removed, and from their varying amount in commer- 
cial starches arises in a great degree the difference in their value 
for food and other purposes. Starch is insoluble in cold water, 
alcohol, ether, and oils. By the action of boiling water it swells 


Fig. f>0. 



I'iq. 50. Latioi- 
ferouH vessels 
from a species 
of Euphorbia ; 
the latex con- 
tains starcl i 
granules of a 
peculiar form. 
From Henfrey. 
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tip and forms a gelatinous mass. Iodine when applied to it 
gives a blue colour or some shade of violet, the distinguishing 
character of starch. The blue colour is at once destroyed by 
the application of heat and alkalies. If starch be exposed to 
heat for a prolonged period, it is converted into a soluble gummy 
substance, called dextrin or British gum. A similar change is pro- 
duced in starch by the action of diluted sulphuric acid, and also 
by diastase, a peculiar nitrogenous substance occurring in germi- 
nating seeds. Starch was formerly considered as peculiar to 
plants, and its presence therefore was regarded as an absolute 
distinctive mark between them and animals. Of late years, how- 
ever, as already noticed (page 4), a substance presenting the 
chemical reactions and general appearance of starch has been 
found in some animal tissues. Such a distinctive character, 
therefore, can be no longer absolutely depended upon. 

Raphides. — This name is now commonly applied to all inor- 
ganic crystals of whatever form which are found in the cells of 
plants, although the term raphides (which is the Greek for needles) 
was originally given to those only that were shaped like a needle 
(Jigs. 53 and 54). Raphides may be found more or less in all classes 
of plants, and in all their organs ; generally, however, they are 
most abundant in the stems of herbaceous plants, in the bark of 
woody plants, and in leaves and roots. In some plants they occur 
in such enormous quantities that they exceed in weight the dried 
tissue in which they are deposited : this may be specially observed 
in some Cactaceae ; thus Edwin Quekett found in the dried tissue 
of the stem of the Old-man Cactus ( Cereus senilis) as much as 80 
per cent, of crystals. Professor Bailey also found in a square inch 
of Locust bark of the thickness of ordinary writing paper, more 
than a million and a half of these crystals. The root of that 
kind of Rhubarb which was formerly known as Turkey or 
Russian Rhubarb, commonly contains from 35 to 40 per cent., 
and hence when chewed it appears very gritty ; and as this variety 
of Rhubarb usually contains a larger proportion of raphides than 
other kinds, this grittiness has been employed as a means of 
distinguishing it from them. The raphides are commonly con- 
tained in cells, in which starch, chlorophyll, and other granular 
structures are absent, although this is by no means necessarily 
the case. These crystals are more commonly found in the 
cavities of the cells, but they also occur in their walls ; in all 
cases, however, they are mineral salts which have crystallised 
naturally out of the cell-sap. They may be especially found in 
the walls of cells in the Coniferae and Gnetaceae. 

The raphides occur either singly in the cells, as in those of the 
inner bark of the Locust tree ( fig. 51) ; or far more commonly 
there are a number of crystals in the same cell. In the latter case 
they are usually either placed side by side, as in the stem of Hume x 
(Jig. 53) ; or in groups radiating from a common point, and then 
assuming a clustered or conglomerate appearance, as in the stem 
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of the common Beet (Jig. 52). The former are usually termed 
acicular r aphides, and the latter conglomerate raphides. 

In some interesting researches into the nature of raphides 
made some years since by Gulliver, he has distinguished the 
acicular crystals (Jig, 53), which he has called true raphides , 
from those which occur either singly (jig. 51), or in more 
or less globular or conglomerate masses (Jig. 52), which he has 
termed Sphseraphides. He believes that the presence or ab- 
sence of the former or true raphides , and their comparative 
abundance, afford characters by which the species of certain 
orders may be distinguished at once from the allied species of 
neighbouring orders. He has instanced the plants of the Ona- 
graceae, especially, as being in this way readily distinguished 
from the plants of allied orders. Gulliver speaks very strongly 
upon this point as follows : ‘ No other single diagnosis for the 
orders in question is so simple, fundamental, and universal as 



/<’»{/. fil. Solitary crystals or 1 aphides m the cells of the inner lurk of the 

Locust tice. ' After (>ru> . Fig. rt2. Conglomciate rapludos of the Boot. 

Fig, 53. Acicular ruphides ot a species of llumix. Two cells contain 

raphides, and three of them chloiophyll granules. 


this; and the orders to which it applies should be named 
raphis-hearing or raphidiferons. 

With regard to Sphaeraphides, Gulliver believes that there 
are few, if any, orders among Phanerogamous plants in which 
they do not exist ; hence it is questionable how far their distri- 
bution might be rendered available as a means of distinguishing 
plants from one another. Their presence, however, he finds 
universal in every species of the orders Caryophyllaceae, Gerani- 
acew Paronychiacem, Lythraceae, Saxifragacese, and Urticacere ; 
hence he regards the presence of Sphaeraphides as especially 
characteristic of these orders. 

In the common Arum, where raphides are very abundant, and 
in some other Araceae, the cells which contain the raphides are 
filled with a thickened sap, so that when they are moistened 
with water endosmose take place, by which they are distended 
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and caused ultimately to burst and discharge their crystals from 
an orifice at each end (fig. 54). Such cells were called Biforines 
by Turpin, who erroneously regarded them as organs of a special 
nature. 

In many plants belonging to the families of the Urticacea?, 
Moracece, and Acanthaceae, there may be frequently observed 
just beneath the surfaces of the leaves, or sometimes more 
deeply situated, peculiar crystalline structures, to which the name 
of Cystoliths has been applied by Weddell. These consist of an 
enlarged cell which has been termed a lithocyd , containing com- 
monly a globular (fig. 55). or somewhat club-shaped (fig. 5b) 
mass of crystals, suspended from the top by a kind of stalk 
formed of cellulose, upon which the crystals are deposited as 
upon a nucleus. All crystals found in these structures are 
composed of calcium carbonate. 

Crystals of various composition have been described a 4 
occurring in different plants, but more accurate observations 


Fic.. 54 Fio. 55. Fig. 5G. 



Fhf 64. Annular ra pintles of an Arnm being clisobarged through enlosmose 
under tin influence of 'water. Ft<r. 66. (’vstohth.from P<n teUt nn officin- 
alis. /Fnj. 66. Cyatolith, iiom the leaf of Ficus efastica. After llenfrey. 


show that all the crystals hitherto found are composed of 
calcium carbonate, as in the cystolitbs, and in some of the 
lower Fungi ; or of calcium oxalate. The latter salt crystallises 
in two forms according to the proportion of water it contains. Thus 
in the one case when the crystals contain six equivalents of water 
of crystallisation, they form octahedra (fig. 52), as in the con- 
glomerate raphides or sphseraphides ; and, on the other hand, 
when there are only two equivalents of water of crystallisation, 
then bundles of acicular crystals or true raphides are produced 
(figs. 53 and 54). 

Aleurone Grains, Crystalloids, and Globoids. — Besides 
the crystals just described, it frequently happens that some of 
the protoplasmic matter in the cells, more generally in those of 
the albumen and cotyledons of ripe seeds — that is, in those cells 
in which reserve food material is stored up — assumes a crystalline 
form and becomes cubical, octahedral, tetrahedral, rhomboid*, &c . 
(fig- 57). These are not however true crystals, as is seen by their 
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angles not being very clearly defined by the nctjon of v< * 
reagents, such as dilute caustic potash , which causes them t 
swell ap and increase very much in volume. These crystalline 
masses are known as crystalloids or proteine crystals . They are 
readily seen when a transverse section of the albumen of the 
castor seed is placed in dilute glycerine and 'water ( j 19. i>T). 

In the cells again of the albumen and cotyledons of ripe 
seeds we have, in addition to starch and oily matter, small 

TouhAteh and colourless albuminous grains, which are termed 

proteid or alewoue grains (jig . 5&, a, They are especially abun- 

dant in oily seeds, as in those of the Castor-oil plant, where they 
appear to replace starch ; but in those seeds where starch is 
abundant, these grains may he seen between the starch-grains, 
as in the Pea (Juj. 58, a, a), Bean, Sweet Chestnut, and Grasses. 
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Fu 7.57. Oil of endosperm or albumen of the <4eo<l of the Castoi-oil plant 
( Rtctnus communis) mtlilute gl\r( rm allow ing largo tr.mhpuront aleurone 
grams, with crystalloids and rounded globoids imbedded m them. After 
Sn< Its — Ftq 58. CiJIsof acot\ led on of the common Pen (Ftmm sativum), 
a , a. Aleurone grams. st. Starch granules, i, i. Intercellular spaces. 
After Sachs, 


In these grains the crystalloids just described are frequently 
found imbedded, and also peculiar small round bodies, which arc 
composed of double phosphate of calcium and magnesium, termed 
yloboids (fig. 57). 

The aleurone grains and crystalloids are evidently reservoirs 
of protein, to be used when growth becomes active in the process 
of germination, in the same way as starch and oily matters arc 
reservoira of hydrocarbons for use in a like manner. 

Aleurone grains are insoluble in alcohol, ether, benzole, or 
chloroform, but soluble in water. They are coloured brown by 
iodine, and other re-agents show that they are of an albuminoid 
nature. The experiments of Weyl and Sidney Vines indicate 
that the proteids exist in these grains as globulins, which hitherto 
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have been known only to occur in animals, that is, as myosin- 
globulin and vitellin-globulin. Tines has also found in the aleurone 
grains of the Peeony a large quantity o£ hemialbumose, a sub- 
stance allied to the peptones. 

II. Forms and Sizes of Cells ; and General Properties 
\m> Structure of the Cell-wall. —Having now described the 

general characters and contents of cells, we pass on to a more 
detailed account of the, various forms and sizes which, they are 

Fig. 59. Fig. 60. Fig. 61. Fig. 62. 



Fiq. 59. Rounded oJls. FUj. 60. Elliptic or oblong coll. Figs. 61, 62. 

Polygonal culls in combination : those of tlio latter figure being pitted. 


found to assume in different plants, and in the different parts of 
the same plant ; and also to a full description of the general 
properties and structure of the cell-wall or cell-membrane. 

1. Forms of Cells. — First, then, as we have already partially 
seen on page 23, when growth is uniform, or nearly so, on all 
points and sides of the cell-wall, we have a spherical or slightly 
elliptic cell {fig. 51)) ; when it is greator at the two extremities 
than at the sides, the form is truly elliptic {fi,g. GO). In the above 
cases, also, the cells are almost free from pressure. Under other 

Fio. 03. Fiu. 04. 



Fig. 63. Transverse section of regular polygonal cells. Fig. 64. Stellate colls. 

circumstances, inconsequence of the mutual pressure of surround- 
ing cells, they assume a polygonal form (figs. 61 and 62), the 
number of the angles depending upon the number and arrange- 
ment of the contiguous cells. Thus, in a perfectly regular ar- 
rangement, when the contiguous cells are of equal size, we have 
dodecahedral cells, presenting, when cut transversely, a hexagonal 
appearance {fig. 63). It is rarely, however, that we find cells of 
this regular mathematical form, since, in consequence of the 
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unequal size of the contiguous cells, the polygons which result 
from their mutual pressure must be more or less irregular, and 
exhibit a variable number of sides (generally from three to eight). 

Secondly, when the growth is nearly uniform on all sides of 
the cell- wall, but not equally so at all points of its surface, we 
have cells which maintain a rounded form in the centre, but 
having rays projecting from them in various directions, by which 
they acquire a more or less star-like appearance (Jig. 64 and 
90) ; and hence such cells are called stellate. These rays may be 
situated in one plane, or project from all sides of the cell. It is 
rarely the case that such cells have the rays at regular intervals, 
or all of one length, but various degrees of irregularity occur, 
which lead to corresponding irregular forms in such cells. 

Thirdly, when the growth takes place chiefly in one direction 

Fio G7 



Fkj.65. Tabular colls. Fig. 66. Cylindrical cells. The small rounded body 

in the interior of three of these cells is the nucleus. Fig. 67. Elongated 

fusiform cells. Fig. G8. Fibril liform cells ( hyphen ). 


we have cells which are elongated, either horizontally or verti- 
cally. Among the forms resulting from an extension of the cell 
in a horizontal direction, we need only mention tabular cells (Jigs. 
65 and 91), that is, six-sided flattened cells, with the upper and 
lower surfaces parallel, or nearly so. Of those cells which are 
extended in length or vertically, we have such forms as the 
cylindrical (Jig. 66) and fusiform (Jig. 67), and which by the 
mutual pressure of contiguous cells, often becoming prismatic. 

From the above description of the forms of cells it will be seen 
that they may be divided into the short and elongated , although, 
as various intermediate forms occur, this division cannot be 
strictly adhered to. 
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The cells, when in combination with other cells so as to form 
a tissue, are generally bounded by plane (figs. 62, 63, 65, and 66), 
or more or less rounded surfaces (figs. 59 and 69) ; but when 
in combination also with the vessels of the plant, so as to form 
what are called the vascular bundles , they are elongated, and have 
pointed extremities (fig. 67). These differences in the condition 
of the cells lead to corresponding differences in their arrangement ; 
thus, in the former case, the cells, when arranged in lines, are 
placed one upon another, the ends being usually flattened (figs. 
65 and 66) ; while in the latter their tapering extremities over- 
lap each other, and become interposed between the sides of the 
cells which are placed above and below them (fig. 67). From 
this circumstance cells have been divided into parenchymatous 



Fig. (59. A portion of the frond of Nitophyllum laceratum. a , a. Cell- walls. 
0, b. Contents of the cells. After H. B. Bradj. 


and prosenchymatous ; parenchymatous being the term applied 
to those cells which are placed end to end ; and prosenchyma- 
tous to those which are attenuated, and overlap one another 
when combined together to form a tissue. Another distinction 
commonly observed between parenchymatous and prosenchyma- 
tous cells arises from the condition of their cell- walls ; thus, 
those of parenchymatous cells are usually thin (fig, 66), while 
those of prosenchymatous cells are more or less thickened (figs. 
93 and 94). The above distinctions between parenchymatous 
and prosenchymatous cells are evident enough in the extreme 
forms of the two divisions, but various transitional states occur 
which render it impossible to draw, in many cases, a distinct line 
of demarcation between them. 
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When cells are so placed as to be uncombined with other 
cells, or with the vessels of the plant, or but partially so, they 
are more or less unrestrained in their development ; but even in 
such circumstances, as in their combined state, their typical form 
is to be more or less rounded. This form is, however, rarely 
maintained as they grow older, although instances of such occur 
in many of the lower Algae, as Protococcus { Jig . 1) ; in pollen 
cells {jig. 70) ; and in spores ; but more frequently, in such 
cases, the cells assume a more or less elongated form and 
become oblong {jig. 74), or cylindrical {jig. 71). In other 
instances, again, we find that certain points of the cell-wall 
acquire a special development (see page 22), and become elevated 
from its general surface as little papillae {jig. 70), warty projec- 
tions {jig. 71), or cilia {jigs. 72, 73, and 74) ; or are prolonged 


Fig. 70. Fig. 72. Fig. 73. 





Fig. 71. Fig. 74. Fig. 75. 

Fig . 70. Spherical pollen cell with small projections or papillae on its out- 
side. Fig. 71. Elongated ct 11 covered with warty projections. Fu/s. 

72-74. Ciliated cells. Fig. 75. Branched cell ( Botrydium gtanulaium). 


into tubular processes, or branched in various ways. The hairs 
which are produced on the surface of plants afford good illustra- 
tions of cells which are more or less unrestrained in their deve- 
lopment {jigs. 133-139) ; other instances occur in the germination 
of most spores, and strikingly so in those of many Algae, as 
Botrydium {jig. 75); also when the pollen cells fall upon the 
stigma ; and in numerous other cases. 

2. Size of Cells . — The cells vary much in size in different 
plants, and in different parts of the same plant. The parenchy- 
matous cells, on an average, vary from about ^ to of an 
inch in diameter ; others again are not more than q— ; while 
in some cases they are so large as to be visible to the naked eye, 
being as much as or even ^ of an inch in diameter. The 
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largest occur in the pith of plants, in succulent parts, and in water 
plants. 

The dimensions of prosenchymatous cells generally afford a 
striking contrast to those of the parenchymatous, for while we 
find that their transverse diameter is commonly much less, 
averaging about of an inch, and frequently not more than 
3 ^, they become much more extended longitudinally, some 
having been measured as m uch as ~ of an inch long, and accord- 
ing to Schleiden, those of the inner bark are often four, live, 
or more inches in length. The prosenchymatous cells of the 
wood and inner bark of trees generally vary, however, from 
about the to the of an inch in length. 

Those cells again which have an unrestrained development 
are frequently also far more extended in length. Thus, the 
cells of which cotton is formed {fig. 153, a) are sometimes as 
much as one or two inches long ; while in some of the Cryptoga- 
mous water plants, as Char a, the cells are also much elongated. 

III. General Properties and Structure of the Cell- wall 


or Cell-membrane. — As has been already stated (page 22), the 
cell-membrane of young cells is very thin, colourless, trans- 
parent, smooth, and free from any openings or visible pores, so 
that each cell is a perfectly closed sac. The membrane, however, 
although free from visible pores, is readily permeable by fluids.. 

As the cell-membrane increases in age it becomes thickened 
by the incorporation of new matter into its substance, and then, 
alterations occur by which it becomes variously marked and 
sculptured. This increase in thickness may be specially observed 
in the cells of the wood and inner bark, and in the hard cells of 
the stone of the Peach, Cherry, and other similar fruits. This 
thickening, however, of the cell-membrane is by no means con- 
fined to the cells of the wood, or the other cases above men- 
tioned, but it may be observed more or less in all cells where 
active changes are going on ; thus it may be especially seen in. 
those of the pith of Hoya carnosa (fig. 

76). A section of one of these cells gives Fig. 76. 


an appearance as if the walls had been 
formed by concentric layers of cellulose 
with branching capillary tubes or canals 
stretching from the cavity of the cell to 
its periphery. The irregular ringed ap- 
pearance is due to the difference in the 
degree of hydration, such as was seen 
in the case of the starch granule (see 



page 29) ; while the Canals are true pas- Fig. 76. Transverse section of 
sages, which have been caused by the CZ 

passage of the sap during the life of the Mohi. 
cell preventing the deposition of cellu- 
lose. In these cells the membrane has been still further changed 
by the conversion of the cellulose into lignin. It is to these two 
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conditions that the firmness of the wood of plants and hardness 
of the stones of many fruits are due, and hence the name of 
bclerogenous (from a Greek word signifying hardness) has been 
given to such cells. 

Pitted or Dotted Cells. — In almost all cases when the cell- 
membrane has thus become thickened it presents (instead of the 
smooth and . homogeneous appearance as is the case, as we have 
seen, when it is in a young condition) a greater or less number 
of dots or slits of various kinds (Jigs. 77 and 78, e, e). These 
dots and slits were formerly considered as actual openings in the 
walls of the cells, and hence such cells were called porovs cells • 
but, when carefully examined, it may be readily discovered that 
these markings are caused by canals which run from the cavity 
of the cell to its wall, and are closed (always at least in their 
young state) by the originally thin membrane of which it is at 
those points composed (Jigs. 7 0 and 78, a, a), and thus give to the 
parts of the cell- wall in which they are found, when viewed by 
transmitted light under the microscope, a more transparent ap- 

Fio. 78. 



Fm. 77. Tittod cells. Fiq. 78. Thick-wallul colls from tin fimtof a Palm. 

a, a. Cell-valls b, b. Concentric migs. c. Canals extending from the 
cavity to the inner wall of the cell. d. Cavity of tlu cell, e, e. Ex- 
ternal pitted appearance. Fiom linger. 

pearance than that possessed by the thickened membrane sur- 
rounding them. Such cells are, therefore, improperly called 
porous , and hence are now correctly termed pitted or dotted cells. 
These pores or canals in the wall of one cell correspond exactly 
with those in the wall of an adjoining cell ; and thus the sap is 
allowed to pass with great rapidity and freedom notwithstanding 
the general thickening which the walls may have undergone 
(Jigs. 76 and 78). It frequently happens that two or more canals 
unite together at varying distances from the wall of the cell, 
and thus form a common opening into its cavity (Jig. 76). 

Although, as thus shown, the dotted appearance is not caused 
by holes or perforations in the original walls of the cells, yet as 
the latter advance in age, and lose their active vitality, they fre- 
quently become perforated, in consequence of their thin primary 
membrane becoming more or less absorbed, or breaking away. 
Such perforations are well seen in the Sphagnum , where they 
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are sufficiently large to allow of the passage through them of 
minute granular matters. 

Cells with Bordered Pits or Disc-bearing Wood-cells. — In the 
cell-walls of the wood-cells of certain trees we find, in addition 
to the ordinary pits, large circular discs which encircle them so 
that each pit looks as if it had a ring surrounding it (Jig. 79) ; 
hence such cells have been termed cells with bordered pits or disc- 
bearing wood-cells. This appearance is produced by circular 
patches of the cell- wall remaining thin after the general thicken- 
ing has commenced and the rim growing obliquely inwards, 
leaving only a narrow orifice in the centre (figs. 80, a y 6, and c). 
As these thickenings occur always in twos on each side of the cell- 
wall, they appear as two watch-glasses would do if placed rim 
to rim, and separated by a thin sheet of paper. To carry out 
the comparison, however, completely, the watch-glasses must 
be supposed to be perforated in their centres (fig. 80). The 


Fig. 79. Fig. 80. 



Fig. 79. Disc-boaring wood-coils of tlie Pine, with a single row of discs on 

each coll. Fig. 80. Bordered pits of wood colls of the Pine (diagram). 

a. Young stage with membrane, b. Older stage where the membrane has 
been absorbed, c. 8emi-prolile vi< w, showing position of membrane, uc. 

central lighter spot when examined by transmitted light is 
caused by the light having to pass only through the thin mem- 
brane (fig. 80, w) y while the darker colour of the border is 
caused by the light having to pass through the thicker substance 
of the rim. It frequently happens that the membrane (fig. 80, b) 
becomes absorbed, and then direct communication takes place 
between the adjoining cells. 

Cells presenting such an appearance are of universal occur- 
rence in the wood of the Conifer;® and other Gymnospermia, 
where they are also most distinctly observed. But somewhat 
similar bordered pits may also be not unfrequently observed in 
the vessels of Phanerogamous plants. 

These discs occur either in single rows (fig. 79), or in double 
(figs. 81 and 82), or in triple rows (fig. 83). In those cases 
where there is more than one row of discs, the discs in each row 
may be either on the same level, as is more commonly the case 
(Jig. 81), or at different levels, and hence alternate to each other, 
as in the Araucarias and allied trees (figs. 82 and 83). 
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Fibrous Cells . — It frequently happens that the thickening of 
the cell-wall (instead of taking place so as to give the appear- 
ance of a perforated membrane, and which gives rise to the pitted 
cells just described), forms delicate threads or bands of vary- 
ing thickness called fibres , which assume a more or less spiral 
direction upon its inner surface (figs. 84-86), and thus give rise 


Fig. 81. Disc-bearing wood-cells of the Pine, with a double row of discs, 

which are on the same level, or Opposite to each other. After Nicol. 

Fig. 82. Disc-bearing wood-cells of Araucaria exreha, with double rows of 

discs, which are alternate with each other. Fig. 83. Disc-bearing wood- 

cells of Araucaria , with double and triple towb of alternate discs. After 
Nicol. 

to what are called fibrous cells. Such cells occur in various plants 
and parts of plants ; thus in the leaves of Sphagnum , the hairs 
of many Cacti and other plants, in the integuments of some 
seeds and fruits, as those of Salma (fig. 148), Cobsea scandens , 
and Collomia , in the spore -cases of certain Flowerless plants, 
in the inner lining of all anthers, in the root-sheath of the aerial 
roots of many Orchids, and in several other instances. 



Fig. 84. Spiral coll. Fig. 815 . Annular or ringed cell. Fig. 86. Kamifled 

or reticulated cells. Fig. 87 . Pitted and reticulated cell. Fig. 88, 

Wood-cells of the Yew ( Taxus baccata). After Mohl. 


These fibrous cells also present some differences of appear- 
ance as regards the distribution of their fibres. Thus, in some 
cells the fibre forms an uninterrupted Bpiral from one end to the 
other (figs. 84 and 148) : such are termed spiral cells. In other 
cases the fibre is interrupted at various points, and assumes the 
form of rings upon the inner surface of the cell-wall (fig. 85), and 
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hence such cells are called annular or ringed. Instances also 
occur even more frequently, in which the fibres are so distributed 
as to produce a branched or netted appearance (Jig. 86) ; in which 
case the cells are termed ramijied or reticulated. These an- 
nular and reticulated cells are merely modifications of the spiral, 
as is shown by the circumstance of our frequently finding in the 
same cell intermediate conditions of all these formB. 

The fibres in most cases are wound from left to right, 
although instances occur where they have a contrary direc- 
tion. The turns of the fibre, or the rings, may be nearly 
in contact, or more or less separated by intervals of cell-mem- 
brane ; this latter appearance is probably due to the growth 
of the membrane after the deposition of the fibre. The turns 
of the fibre, or of the rings, again, may be either intimately 
attached to the cell-membrane, or but slightly adherent, or alto- 
gether free. As a general rule, the less the cell-membrane grows 
after the deposition of the fibre, the more firmly is it attached 
to it. 

In some cases, as in the Yew (jig. 88), Mezereon, and Lime, 
we find a spiral fibre or fibres developed in addition to the pits. 

These different kinds of fibrous cells are connected by a 
number of intermediate forms (Jig. 87) with the pitted cells 
already treated of, but all are formed on the same plan. That 
is, by the living protoplasm secreting the cellulose out of its own 
substance, and depositing it upon its external surface in differ- 
ent parts in varying thicknesses. 


[Section 2. Of the Kinds of Cells and their Connection 

WITH EACH OTHER. 

We have already seen (page 37), that if the cells are of such 
forms that when combined together they merely come in contact 
with each other without perceptibly overlapping, they are called 
parenchymatous ; but that when elongated and pointed at their 
ends, so that in combination they overlap one another, they are 
termed prosenchymatous. We have also seen that such extreme 
forms are connected by all sorts of transitional ones. Besides 
these elongated prosenchymatous cells other lengthened tubular 
organs are also found in plants, which are termed vessels. For- 
merly, all these elongated organs were supposed to have an 
entirely distinct origin from the ordinary parenchymatous cells, 
and were described under the names of Woody Fibres, and 
Vessels or Ducts ; but it is now known that they are all derived 
originally from such cells, and owe their peculiar appearances 
either to various modifications in form, which the latter undergo 
in the course of growth, or to their combination and union with 
one another. This common origin of the Woody Fibres of old 
authors and of the Vessels with the parenchymatous cells, is 
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proved by the fact, that gradual transitional forms from the one 
to the other may be commonly observed ; and also by tracing 
their development, when it will be found that all these organs, 
however modified inform and appearance, are derived originally 
from one or more of the ordinary cells. All the observations 
made previously, therefore, as to the chemical and general pro- 
perties of cell-membrane, as well as to its mode of growth and 
thickening, apply equally to the Vessels. We have already stated 
this to be the case with regard to the Woody Fibres, which we 
have spoken of under the names of Prosenchymatous cells and 
Wood-cells. By the combination of the different kinds of 
cells and vessels, we have various compound structures formed 
which are called Tissues : these we now proceed to describe. 
The most important and the most abundant of them all is 
parenchyma, which must be first alluded to. 

Fig. 90. Fig. 92. 




Fig. 89. Round or elliptical parenchyma. In two of the cells a nucleus may- 
be seen. Fig. 90. Spongiform or stellate parenchyma, composed ot stel- 
late cells with three-cornered intercellular spacos. Fig. 91. Muriform 

parenchyma. Fig. 92. Transverse section of the petiole of a species of 

Begonia, e. Epideimis with cuticle above and hypoderma below, the 
latter formed of collencliymatous cells cl, cl , with thickened angles v, v. 
chi. Chlorophyll granules, p. G-eneral parenchyma, below hypoderma. 

1. Parenchyma. — This is composed of comparatively thin- 
walled cells, whose length does not exceed their breadth, or in 
which the proportion of the two diameters does not vary to any 
remarkable extent. There are several varieties of parenchyma, 
depending chiefly upon the forms of the component cells, and their 
modes of combination ; the following are the more important : — 
a. Bound or Elliptical Parenchyma ( figs . 59 and 89). — This 
is formed of rounded, or more or less elliptic cells, with small 
spaces between them. It commonly occurs in succulent plants, 
and generally in those parts where the tissues are of a lax 
nature, as in the pulpy portions of leaves and fruits. It is con- 
nected by various transitional forms with — , 
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b. Spongiform Parenchyma , which consists of stellate cells 
(jigs. 64 and 90), or of cells with an irregular outline produced 
by projecting rays, and in contact only by the extremities of 
such rays, so as to leave large irregular spaces between them 
(fig. 120, c). This occurs commonly in the tissue on the under 
surface of most leaves ; and frequently in the air-passages of 
plants, particularly in the stems and leaf-stalks of such as 
grow in water, or in marshy places, e.g. the Rush and Water- 
lily. 

c. Regular Parenchyma — This is formed of dodecahedral or 
polyhedral cells, the faces of which are nearly equal (figs. 62 
and 63), and so combined as to leave no interspaces, it com- 
monly occurs in the pith of plants. 

d. Elongated Parenchyma. — This is composed of cells elon- 
gated in a longitudinal direction so as to become fusiform (fig. 
67), cylindrical (fig. 66), or prismatic, and closely compacted. 
It occurs frequently in the stems of Monocotyledonous plants. 

e. Tabular Parenchyma is that which consists of tabular, 
closely adherent cells. It is found in the epidermis and other 
external parts of plants (figs. 65, 92, e, and 119-123). A variety 
of this kind of parenchyma is called muriform , because the cells 
of which it is composed resemble in their form and arrangement 
the courses of bricks in a wall (fig. 91). This variety occurs in 
the medullary rays or the silver grain of wood. 

Such are the commoner varieties of parenchyma, all of which 
are connected in various ways by transitional forms which it is 
unnecessary to describe here. When the parenchyma becomes 
much thickened in the angles of the cells, as in the tissue below 
the epidermis of many plants, which has been termed the hypo- 
derma , (see ‘ Internal Structure of Leaves’), as for instance in that 
of the leaf-stalks of the Begonia (fig. 92), the tissue so formed is 
called Collenchyma. When the parenchymatous cells become 
thickened so as to form pitted or fibrous cells, the tissues formed 
by their combination constitute respectively the Pitted Cellular 
Tissue and Flbro-cellular Tissue , of some authors. 

In some of the lower orders of plants there is a kind of tissue 
present which is quite as distinct from parenchyma as this is 
from prosenchyma and the tissues formed by the vessels of 
plants. To this the names of Tela contexta and Interlacing fibril- 
liform Tissue have been given. It occurs in the Fungi (figs. 3 
and 4), and Lichens (fig. 68), and consists of very long thread- 
like cells, or strings of cells, simple or branched, with either 
thin, soft, readily destructible walls, as in Fungi ; or dry and 
firm ones, as in Lichens ; the whole inextricably interwoven 
or entangled with each other so as to form a loose fibrilliform 
tissue (fig. 68). It is this tissue which is also known under 
the name of hyphse , and which constitutes, as a general rule, the 
vegetative portion of all Fungi. In the larger Fungi the hyphse 
become aggregated at certain parts into a compact parenchy- 
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matous structure, which is termed pseudo-parenchyma ; this 
tissue forms a large portion of these Fungi. 

The varieties of parenchyma as just described constitute the 
entire structure of the lower orders of plants, or Thallophytes, 
such as the Algae, Fungi, and Lichens, which are hence fre- 
quently termed Cellular Plants ; while those orders above them, 
which contain, commonly, vessels, and prosenchymatous wood- 
cells, in addition to parenchymatous cells, are called Vascular 
Plants (see page 7). In these higher orders of plants, parenchy- 
matous cells constitute all the soft and pulpy parts ; and in culti- 
vating plants or parts of plants for culinary purposes and for 
food generally, the great object aimed at is to develope this 
kind of tissue as much as possible. Parenchyma is connected by 
various intermediate conditions with prosenchyma, which we now 
proceed to notice. 


Fig. 03. Fig. 9 4. Fig. 9o. 

Fig. 93. ProseiK-hyniatous or wood- 

cells. Fig. 94. Horizontal section 

of prosenchymatous cells, allowing 

the thickness of their walls. 

Fig. 95. Prosenchymatous cells in 
combination. 


Fro. 96. Fig. 97. Fig. 98. 



Fig. 96. Upper end of a libor cell. 

Fig. 97. Branched liber cell. After 

Schleiden. Fig. 98. Transverse 

section of Liber-cells, showing the 
thickness of their walls. 



2. Prosenchyma. — The most perfect form of prosenchyma is 
that commonly termed Woody Tissue. This tissue consists of 
very tine cells, elongated and tapering to a minute point at their 
two extremities, their walls being much thickened (figs. 93 and 
94), and when in contact with one another overlapping by their 
pointed ends, so that they are firmly compacted together and 
leave no interspaces (fig. 95). The woody portions of all plants 
consist in a great part of this form of tissue. It is also found 
in the liber or inner bark mixed with parenchyma and certain 
vessels, and in the veins of leaves and those of other expansions of 
the stem and its divisions. 

We distinguish three kinds of prosenchymatous cells which 
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enter into the composition of Woody Tissues ; namely, the ordi- 
nary Wood-cells, Disc-beaming Wood-cells or Cells with Bordered 
Pits, and Liber-cells ; these form respectively, by their combina- 
tion, ordinary Woody Tissue , Disc-bearing Woody Tissue , and 
Woody Tissue of the Liber. 

a. Woody Tissue. — This, the ordinary kind of woody tissue, is 
composed of prosenchymatous cells, the walls of which, although 
thickened, either present a homogeneous appearance, as is more 
commonly the case, or are marked with little dots or pits, as in 
pitted cells. The occurrence of spiral fibres, or rings, or reticula- 
tions, is exceedingly rare in wood-cells. A transverse section of 
these cells shows the cellulose forming the walls to be arranged in 
concentric layers, and which are often of such a thickness as to 
almost obliterate their cavity (fig. 94). This kind of tissue occurs 
in the wood of most trees, except that of the Coniferee and other 
Gymnospermous orders ; and in the veins of some leaves, and 
those of certain parts of the flower. The peculiar manner in 
which these wood-cells are arranged with respect to each other, 
overlapping at their pointed extremities, and thus becoming 
firmly cemented, as it were, together, combined with the thick- 
ness of their walls, renders this tissue very strong and tough, 
and thus admirably adapted for those parts of plants in which it 
is found, and where such qualities are especially required. 

b. Disc-bearing Woody Tissue. — This tissue is composed of 
those wood-cells called cells with bordered pits , which have been 
already described on page 41 (figs. 79 83). This tissue constitutes 
generally nearly the whole of the wood of the Coniferie and other 
Gymnospermous plants, as well as a portion of the wood of some 
other plants. These disc-bearing wood-cells are much larger than 
the other kinds of wood-cells, being often as much as or 

of an inch in diameter ; while the latter are frequently not more 
than 3 “, or on an average about of an inch in diameter. 

c. Woody Tissue of the Liber or Bast Tissue. — This consists 
' of cells much longer than ordinary wood-cells (fig. 90), witli very 

thick walls (fig. 98), and owing to tlieir not being lignified are 
softer, tougher and more flexible ; hence these are regarded as a 
peculiar kind of cell, and have received the distinctive name of 
Liber-cells , from their common occurrence in the inner bark or 
liber of Dicotyledonous stems. Such cells are also termed bast- 
fibres , and the tissue formed of them bast-tissue , because the inner 
bark is also commonly termed bast. These cells are rarely 
branched (fig. 97). Besides the common occurrence of this tis- 
sue in the liber, it also occurs as a constituent of the vascular 
bundles of Monocotyledonous stems. The veins which form the 
framework of all leaves are also in part composed of this kind of 
tissue. 

These bast-fibres are called bast-tubes by some botanists, who 
regard them not as elongated cells, but as true vessels formed like 
them by the coalescence of rows of cells, the partition walls 
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between them having become absorbed, so that their cavities 
communicate and form a continuous canal. These liber-cells, 
bast-fibres, or bast-tubes, must not be confounded with sieve - 
vessels or sieve-tubes (see page 52), and which are also frequently- 
termed bast-vessels from their common occurrence in the liber. 

From these peculiar qualities the woody tissue of the liber is 
admirably adapted for various manufacturing purposes ; thus 
Hemp, Flax, New Zealand Flax, Pita Flax, Sunn, Jute, China 
Grass, and many other fibres, are all composed of the liber 
tissue of different plants, and will afford good illustrations of the 
value of such fibres. This liber when macerated so as to separate 
the cells from one another is made into a mash from which the 
best kinds of paper are made. Inferior sorts are prepared from 
the woody tissue of many plants, but they lack the toughness of 
papers made from the liber, and are brittle and tear more easily. 

The different kinds of woody tissue are commonly associated 
in the plant with other organs, which are also of an elongated 
tubular character, but larger than the prosen chymatous cells of 
which the woody tissues are Composed. These constitute the 
vessels or vascular tissue. 

3. Vessels or Vascular Tissue. — These names were origi- 
nally given to these organs from an erroneous idea of their re- 
semblance to the vessels of animals, with which, however, they 
have no analogy. The name of duct has also been frequently 
applied to them by authors. The essential character of a vessel 
is that it is composed of several cells, which are united end 
to end, and the septa, dividing them, more or less completely 
absorbed. The component cells may be either very long and 
narrow, or they may be short and broad. Their chief function 
seems to be to carry air to the inner parts of the plant. 

There are several varieties of these vessels, which are known 
as pitted , spiral , annular , reticulated , and scalar i form, the char- 
acters of which depend upon the modifications which their walls 
undergo by thickening during their growth. 

But besides these vessels we have also other varieties, which 
are commonly distinguished under the names of sieve-tubes , sieve- 
vessels, or bast-vessels ; laticiferous vessels ; and vesicular or utricular 
vessels. These are closely related to each other from the nature 
of their contents, their chief function being not to convey air as 
the other vessels just noticed, but to act as reservoirs of nutrient 
fluids, and also as carriers of sucli fluids to those parts of plants 
where they are required. 

a. Pitted or Dotted Vessels. — These constitute by their com- 
bination Pitted Tissue , or the V asiform Tissue of some au- 
thors. A pitted vessel is formed from a row of cylindrical 
pitted cells placed end to end (fig. 99), the intervening par- 
titions of which have become more or less absorbed, so that 
their cavities communicate and form a continuous canal 
(fig. 100). The origin of pitted vessels from a row of cells 
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of a similar pitted nature is clearly shown in many instances by 
the contractions which their sides exhibit at various intervals, 
by which they acquire a beaded appear- 
ance {fig. 99); for these contractions evi- 
dently correspond to the points where the 
component cells come in contact, and in 
some cases even, we find the intervening 
membrane not completely absorbed be- 
tween the cavities, but remaining in the 
form of a network or sieve-like partition 
(fig. 100). Pitted vessels generally ter- 
minate obliquely (fig. 100), and, when 
they combine with neighbouring vessels, 
the oblique extremities of the latter are 
so placed as accurately to correspond with 
the former. In some cases, however, 
where the pitted vessels are pointed at 
the ends, they overlap more or less by 
these points. Pitted vessels may be com- 
monly found in the wood of Dicotyle- 
dons ; they are mixed here with the 
ordinary wood-cells, but are much larger 
than these, as may be seen by making 
a transverse section of the wood of the 
Oak, Chestnut, and other trees, when the holes then visible to 
the naked eye are caused by their section (fig. 178, v, v, v). The 
pitted vessels are generally among the largest occurring in any 
tissue. 

It sometimes happens that when pitted vessels lose their 
fluid contents the neighbouring parenchymatous cells push 
bladder-like portions of their membrane through pores on 
the walls of a vessel, and then multiply by division and form 
a cellular mass which may completely fill it — to this intra- 
cellular tissue the name of tyloses has been given. It may be 
well observed in the wood of the Oak, in that of Eobinia pseudo- 
acacia, in Periploca , and in the stem of Cucumis sativus. 

b. Spiral Vessels. — This name is applied to vessels with 
tapering extremities, having either one continuous spiral fibre 
running from end to end, as is commonly the case (fig. 101), or 
two or more fibres (fig. 102) running parallel to one another. 
Those with only one spiral fibre are termed Simple Spiral 
Vessels ; those with more than one, Compound Spiral Vessels. 
The latter kind are well seen in the stem of the Banana and other 
allied plants, in the young shoots of the Asparagus, and in the 
Pitcher Plant. The fibre contained within the spiral vessel is 
generally so elastic as to admit of being uncoiled when the vessel 
is pulled asunder, in which case the w r all is ruptured between 
the coils. This may be commonly seen by the naked eye by 
partially breaking the young shoots or leaf-stalks of almost any 

E 


Fig. 100 . 



Fig. 99. Beaded pitted ves- 
sel. Fiq. ]<>0. Pitted 

vessel terminating ob- 
liquely, and showing 
that the partition wall 
has been incompletely 
aborbed. 
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plant, or the leaves of the Hyacinth, Banana, and others, 
and gently pulling asupder the two ends, when the uncoiled 
fibres appear like a fine cobweb. In most cases the coils of the 
fibre are close together, so that the enclosing membrane cannot 
be observed between them ; but in other instances, they are 
more or less separated by portions of membrane (Jig. 101). 
The latter appearance is probably caused by the growth of the 
cell-wall after the thickening which forms the fibre has taken 
place, by which the coils become extended and separated from 
one another. The fibre is generally turned to the right as in the 
ordinary spiral cells, although instances occur in which it is wound 
in the opposite direction. When spiral vessels come in contact 
they overlap more or less at their ends (Jig. 101), and frequently 
the membrane between their cavities then becomes absorbed so 
that they communicate with each other. Spiral vessels sometimes 
present a branched appearance ; this is generally occasioned by 


Fio. 101. Fig. 102. Fig. 103. Fig. 104. 



Fir/. 101. Simple spiral vessels Fig 102. Compound spiral vessels. 

Fig. 103. Uianchid spiral vessel Fig. 104. Union ot spiral vessels in an 

oblique maimer. 

the union of separate vessels in a more or less oblique manner 
(Jig. 104) ; or occasionally, it is said, as in the Gourd and some 
other plants, by a division of the fibres of distinct vessels (Jig. 
103). 

Spiral vessels occur in the sheath surrounding the pith of 
Dicotyledons (Jig. 180, B, d), in the vascular bundles of Mono- 
cotyledons (Jig. 1.76, si>), and in some of the Cormophytes, as the 
Lycopodiacese. They also exist in the petiole and veins of leaves, 
and in those of all other organs which are modifications of leaves, 
as bracts, sepals, petals, &c . They may be also frequently found 
in roots. In size they vary from the to 3 ^ of an inch in 
diameter. The average size is about the T ~o. Spiral vessels 
are sometimes called Tracheae or Trachenchyma, from their re- 
semblance to the trachese or air-tubes of insects. 

c. Annular Vessels . — In these vessels the fibre is arranged in 
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the form of rings upon their inner surface (Jigs. 105 and 106). 
Sometimes the whole of the vessel presents this ringed appear- 
ance (Jigs. 105 and 106) ; while in other vessels we find two 
rings connected by one or more turns of a spiral, the two forms 
irregularly alternating with each other (Jig. 107). In size they 
vary from about to 0 f an inch in diameter. Annular 

vessels occur especially in the vascular bundles of the stems 
of soft rapidly growing herbaceous plants among Dicotyledons ; 
also in those of Monocotyledons ; and in those of some Cormo- 
phytes. In the latter they exist especially, and of a very regular 
character in the Equisetaceae. 

d. Reticulated Vessels . — In these vessels the spiral convolu- 
tions are more or less irregular, and connected in various ways 
by cross or oblique fibres, so as to produce a branched or netted 


Fig. 105. Fig. 10G. Fig. J 07. Fig. 108. Fig. 109. Fig. 110. Fig. 11 J. 



Fiqs. 105, 106. Annular vessels. Fiq. 107. Vessel showing a combination 

of rings and fepiral fibres Fig. 108. Reticulated vessel. Fig. 100. 

Prismatic scalariform vessels of a Fern. Fig. 110. Cylindrical scalaiiform 

vessels of the Vine. Fig. 111. Vessel showing a combination of spiral 

and reticulated fibres, and seal triform markings. 


appearance (jig. 108). These vessels are generally larger than 
the annular, and of much more frequent occurrence. They are 
found in similar situations. 

e. Scalar [form Vessels . — The peculiar appearance of these 
vessels is owing to their walls being marked by transverse bars 
or lines, arranged over one another like the steps of a ladder, 
whence their name (Jigs. 109 and 110). These vessels are some- 
times cylindrical tubes like the other kinds, as in the Vine (Jig. 
110) and many other Dicotyledonous plants, in which condition 
they are apparently but slight modifications of reticulated 
vessels ; but in their more perfect state, scalariform vessels 
assume a prismatic form, as in Ferns (Jig. 109), of which they 
are then especially characteristic, though also found elsewhere. 

The annular , reticulated , and scalariform vessels constitute 
e 2 
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the spurious tracheae of some authors. These vessels have com- 
monly tapering points like the true spiral vessels ; and thus over- 
lap at their extremities when they come in contact (Jig. 109). 
But in other instances they terminate more or less obliquely, or 
by flattened ends, like most pitted vessels. These vessels are 
but slight modifications of the true spiral. This is proved by 
the fact that we frequently find in the same vessel one or more 
of the above forms combined with the spiral (Jigs. 107 and 111), 
and thus forming intermediate states of each other. 

f. Sieve-tubes or Sieve-vessels . — These are vessels in which 


thickening of the cell- walls of their com- 
ponent cells does not take place uniformly 
over their whole surface, but only at the 
ends of the cells, that is, where they are 
in contact with others of a similar nature. 
At these ends it forms a kind of network, 
sculptured in relief as it were on the wall 
(Jig. 112, <j) ; and when in such cases the 
unthickened part of the walls of conti- 
guous cells becomes absorbed so that 
their cavities become continuous, we have 
formed what are commonly known as 
sieve-tubes or sieve-vessels. They are 
also sometimes termed bast- vessels. These 
are very constantly present in the inner 
bark of Dicotyledons. If such absorption 
does not take place, the name of sieve, 
lattice , or clatlirate , is applied to the com- 
ponent cells. 

g. Laticiferous Vessels . — These con- 
stitute the Milk-oesscU of the old authors. 
They commonly consist of long branched 
tubes lying in no definite position with 
regard to the other tissues (jigs. 113 and 
114), and anastomosing or uniting freely 
with one another like the veins of animals, 
from which peculiarity they may be at once 
distinguished from the other vessels of 
plants . When first formed these vessels are 
exceedinglyminuteand their walls are very 
thin ; they become, however, large and 
thick-sided as they increase in age, but 
even then rarely present any pits or spiral 
deposits in their interior, as is the case in 
the thickened cells and vessels already de- 


Fig. 112. 



Fig. 112. Young siove- 
tubes or sieve vessels 
from the longitudinal 
section of the stem of 
Cvrvrbita Pepo. q. 
Transverse view of 
the sieve-like partition 
walls, si. Sieve-plate on 
the side-wall. x. Thin- 
ner parts of the sidc- 
wall. ps. Contracted 
protoplasmic contents, 
lifted off the transverse 
septum at sp. After 
Sachs. 


scribed. A common size is the of an inyh in diameter. 
They derive their name from containing a watery fluid called 


latex, which when exposed to the air becomes milky, and is 


either white, as in the Dandelion, Spurge, Poppy, India- 
rubber, Lettuce, and other plants ; or coloured, as is well 
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seen in the Celandine, where it is yellow. The latex has a 
number of granules or globules floating in it, which are com- 
posed of caoutchouc, or analogous gum-resinous matters, albu- 
men, and, occasionally, mixed with them may be observed pecu- 
liar-shaped starch granules, as in Euphorbia, {fig. 115). Fr£my 
states that in certain plants he has found a kind of latex as albu- 
minous as the serum of the blood, or the albumen of the egg, and 
to which he has given the name of albuminous latex. Laticiferous 
vessels occur especially in the inner bark of many Dicotyledons, 
in the pith, and in the petioles and veins of leaves. They are 
also to be found in the vascular bundles of Monocotyledons and 
all parts which are prolonged from them. In Acotyledons they 
exist only in the higher orders. 

They are formed, like other vessels, from rows of cells ar- 
ranged in various directions with respect to each other, the parti- 


Fn.. 113. Fu.. 114. 




Fn». 115. 



Figs 113,314. Laticifrioii* vess< 1«, Fig. US. Lntroifoi mvs fioma 

species of Eit i h( rbui ; the latex contains starch granules of a peculiar 
form. Aftei Henfrey. 

tions between their cavities being more or less absorbed so that 
they communicate freely together. 

Besides the above more common characteristics of laticiferous 
vessels, there are numerous other varieties ; indeed, from the 
very great variety in structure, contents, and position of these 
vessels, and the many and various transitions between them and 
vesicular vessels, now to be described, Sachs has proposed that 
these laticiferous and vesicular vessels should be included under 
the common name of latex-sacs. 

h. Vesicular Vessels . — These resemble laticiferous vessels 
in one particular, as they contain latex (which, however, is 
clear or milky, but always contains true or acicular ra- 
phides) ; while, on the other hand, they are unbranched and 
analogous to sieve- tubes in form, consisting as they do of long 
broad cells with sieve -like septa. They were first noticed by 
Hanstein in the scales of the bulb of Allium , and have since 
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been observed in tlie leaves and other parts of Monocotyledonous 
plants, and in some Dicotyledons. 

We have now described all the different kinds of cells, and 
the modifications they undergo, and the combinations of them 
which take place, so as to form vessels. The different kinds of 
vessels and woody tissues are more or less combined together, 
and have always a tendency to develope and arrange them- 
selves in longitudinal or vertical bundles in the parts of the plant 
where they are found, and thus they may be readily distin- 
guished from the parenchyma in which they are placed, both in 
their form and mode of elongation. We thus find it con- 
venient to speak of the tissue formed of these bundles under 
the collective name of Fihro-vascular Tissue, or the FiWo-vascu- 
lar , Vertical , or Longitudinal System, to distinguish it from the 
ordinary cellular tissue, which constitutes the Parenchymatous , 
Cellular, <or Horizontal System. 



Fig. 116. Epidermal tis**ue from the leaf of the Iris (Iris qermamca). p , p. 

Cuticle, s, s. Oval stomata, e, e. Epidermal cells. After Jussieu. 

Fig. 117. Epidermis of the Maize, a, a. Oval stomata, b, b. Zigzag reti- 
culations formed by the sides of the cells. Fig. 118. Sinuous epidermis 

with stomata, from the garden Balsam. 


4. Epidermal Tissue. — In the higher Flowerless, and gene- 
rally in Flowering plants, the cells situated on the surface of 
the different organs vary in form and in the nature of their con- 
tents from those placed beneath them, and are so arranged as 
to constitute a firm layer which may commonly be readily 
separated as a distinct membrane. To this layer the term 
Epidermal Tissue is given. It is generally described as con- 
sisting of two parts ; namely, of an inner portion called the 
Epidermis , and of an outer thin pellicle to which the name 
Cuticle has been given. 

a. Epidermis . — This consists of one (figs. 92, e, and 119, a), 
two (fig. 120, a , a), three (fig. 121, a), or more layers of cells, 
firmly united together by their sides, and forming a continuous 
membrane, except at the points where it is perforated by the 
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stomata, presently to be described (Jigs. 127 and 128, s). These 
cells are generally of a flattened tabular character (Jigs. 119 - 
123), the sides of which vary much in their outline ; thus, in 
the epidermis of the Iris , and many other Monocotyledons, they 
are elongated hexagons (Jig. 11G, e , e) ; in that of the Maize 
they are zigzag (Jig. 117, b, b) ; while in the Madder and the 
common Polypody they are very irregular or sinuous (Jig. 118) ; 
and in the epidermis of other plants we find them square, 
rhomboid, &c. 

Ordinarily in European plants and in those generally of cold 
and temperate climates, the epidermis is formed of but one row 
of cells (Jigs. 119, a, and 123, 
a ) ; but in tropical plants we fre- 
quently find two (Jig. 120, a, a), 
three (Jig. 121, a), or more, rows 
of cells, by which provision such 
plants are admirably adapted, 
as will be afterwards explained, 
for growth in hot drv climates. 

The upper walls of the epi- 
dermal cells are generally much 
thickened and chemically altered 
or cuticnlarised as it is termed, 
by which the cell-membrane is rendered impervious to moisture, 
and thus tends to protect the more tender cells beneath from 
an undue loss of moisture during hot seasons. This thickening 


Pig. 110. 



Fio. 119. Vertical section of the leaf of 
the Maize, showing the epidermis, a. a, 
formed of one row of cells, with pro- 
jecting hairs, g, g. 


Fio. 120. Fig. 121. 



Fig. 120. Vertical section through the leaf of a Banksia. a, a. Epidermis 
with two rows of cells, c. Spongiform parenchyma, b. Hairs which are 
contained in little depressions on the under surface of the leaf. After 

Sclileiden. Fig. 121. Vertical section through the leaf of Oleander, 

showing the epidermis, o, comiKised of three layers of thick-sided cells, and 
placed above a compact parenchyma of vertical cells. Atter Brongniart. 


of the upper walls of the epidermal cells may be especially 
observed in leaves of a leathery or hardened texture, as in 
those of the Oleander (Jig. 121, a), Aloes, Hoya (Jig. 122, 0 ), 
Box, and Holly, and in the stems of Cactacete (Jig. 123, a). 

The epidermal cells are always filled witli colourless fluids ; 
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hence the green and other colours which leaves and other organs 
assume are due to colouring matters of various kinds which 
are contained in the cavities of the subjacent parenchymatous 
cells, and which show through the transparent epidermal cells. 
In the walls, however, of the epidermal cells of many plants, 
waxy matter is contained ; in those of Chcira, carbonate of lime ; 
and in those of the species of Equiaetum and of the Grasses 

Fig. 122. Fig. 123. 


Fig. 12 2. Vertical section of the epidermis of Hoy a carno.sa treated with 
caustic potash, a. The detached cuticle, b. The thickened layers of the 

outer walls of the epidermal cells. After Mohl. Fig. 123. Vertical 

section through the epidermis of the stem of a Cactus. «. The thickened 
upper walls oi the epidermal cells. 




generally, silica is met with in such abundance that, if the 
organic matter be removed by the agency of heat or acids, a 
perfect skeleton of the structure will be obtained. 

The epidermis covers all the parts of plants upon which it 
is found that are directly exposed to the air except the stigma, 


Fio. 124. Fig. 125. 



Fig. 124. Cuticle of the Cabbage, showing that it is perforated by the 

btomata, and forms sheaths over the hairs. Fig. 125. Vertical section of 

the epidermis, b t of Cycas reooluta , showing that it is covered by a thickened 
cuticle, a. Alter Schleiden. 

and it is in all cases absent from those which live under water. 
In Thallophytes, as Fungi, Algye, and Lichens, it is altogether 
wanting. The epidermis which at first covers the young 
branches of trees is replaced at a subsequent period by epiphloew. 

The roots of plants are invested by a modified epidermal 
tissue to which the term Epibkma has been given by Schleiden 
(fig. 19) ; this name is, however, now but rarely used. It con- 
sists of cells with thin walls, without stornata, but possessing 
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cellular hair-like prolongations termed fibrils or root-hairs (figs. 
19 and 243). 

b. Cuticle . — This consists generally of a thin transparent 
pellicle, which covers the entire surface of the epidermal cells 
( figs . 11C, p , p , and 122, a) with the exception of the openings 
called stomata (fig. 124). It forms a sheath also over the hairs 
(fig. 124), and is frequently prolonged into the openings of the 
stomata, and from thence into the passages which commonly 
exist between the sides of the sub-epidermal cells. (See Deve- 
lopment of Stomata in Physiological Botany.) 

Not unfrequently the cuticle becomes of considerable thick- 
ness, as in the epidermis of the upper surface of the leaf of 
Cycas (fig. 125, a). The cuticle is formed on the outside of 
those cells which are exposed to the chemical influences of the 
air and light. The cell-wall in such a position becomes greatly 
thickened and altered in its texture ; so much so that the outer 
part can be stripped off as a distinct membrane. 

c. titomata or Stomates . — These are orifices situated between 
the sides of some of the epidermal cells, and opening into the 
intercellular cavities beneath, so as to allow a free communication 
between the internal tissues and the external air (figs. 127, s, 
and 128, s) ; hence they are also sometimes called breathing pores. 
These orifices are surrounded by cells of a different form from 
those of the epidermis ; and they also usually contain some 
chlorophyll grains. There are generally but two cells sur- 
rounding the orifice, and these are commonly of a more or less 
semilunar form (fig. 116), so that the whole has some faint re- 
semblance to the lips and mouth of an animal, and hence the 
name of stoma applied to these structures, from arofia , a mouth. 
The bordering cells have been called ( stomatal cells/ 1 pore 
cells/ and ‘ guard-cells/ and have the power of opening or closing 
the orifice which they surround according to circumstances, as 
will be explained hereafter 
when treating of the func- 
tions of stomata in the part 
describing the Physiology 
of Plants Instead of two 
stomatal cells, w r e some- 
times, although but rarely, 
find four, or even more ; 
thus, in some of the Liver- 
worts, the stomata are 
rounded apertures between 
the epidermal cells, sur- 
rounded by three or more 
tiers of stomatal cells, each 
tier being itself composed of 
four or five cells, the whole forming a kind of funnel or chimney 

(fig. 126). 


Fig. 126 . 



Fig. 126. Vertical section of a portion of the 
frond of Marchantia polymorpha. g. g. Sto- 
mate divided perpendicularly, h, h. Rings 
of cells forming its alls. After Carpenter. 
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Upon making a vertical section through a stomate we 
usually find that the stomatal cells are placed nearly or quite on 
a level with those of the epidermis. In other cases, however, 
and especially when situated upon leaves of a leathery or har- 
dened texture, the stomatal cells are below the epidermal ones, 
w r hile in some rare instances, again, they are above them. 

Fir 1 97 t ig. 129. Fig. 130. 
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Fid. 128. 



Fig. 127. Vertical section of the epidermis of Leucadendron decorum , showing 
e, e, the epidermal celk, with the stomatal cells, s, with elevated margins, 

m, m. -Fig. 128. Vertical section of the epidermis of the Iris. s. The 

stomate. e t e. Epidermis, p. Parenchyma beneath the epidermis. 1. In- 
tercellular space into which the stomate opens. Fig. 129. Epidermis of 

Rumejc ncetosa , with rounded stomata, a. Fig. 130. Square stomate, a, 

of Yucca glonosa. 


The stomata vary in form and position in different plants, 
and in different parts of the same plant, but they are always the 
same in any particular part of a plant. The more common form 


Fig. 131. 


Fig. 132. 



Fig. 131. Epidermis of the leaf of a species of Saxifraga , showing clustered 

stomata, s, with intervening spaces. i°, e. in which they are absent. 

Fig. 132. Vertical section of the leaf of the Oleander ( Nerium Oleander), 
c. Cavity filled with hairs, p. Parenchyma, e. Epidermis. 


is the oval (figs. 116, 8, s, and 117, a, a ) ; but in other instances 
they are round (Jig . 129, a ) ; and in some cases square (fig. 
130, a). They are either placed singly upon the epidermis, at 
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regular (fig. 116), or irregular intervals (fig. 129) ; or in clusters, 
the intervening epidermis having none (fig. 131). The former 
is the more common arrangement. In the Oleander we find little 
cavities beneath the epidermis of the under surface of the leaves 
(fig. 132, c), which contain a number of hairs, and between them, 
at their base, very small stomata. 

The number of stomata also varies considerably. The follow- 
ing table will give some idea of their abundance in leaves, 
and it will be observed that the number of stomata is usually 
greatest in those leaves where they are entirely absent from their 
upper surface. 

Stomata in one square 'inch of surface. 


Mezereon 

TJpjjer surface 

none 

Lower surface 

4,000 

Paeony . 

none 

13,790 

Vine 

none 

13,600 

Olive 

none 

57,000 

Holly . 

none 

63,600 

Laurustinus . 

none 

90,000 

Cherry- Laurel. 

none 

90,000 

Lilac 

none 

160,000 

Hydrangea 

none 

160,000 

Mistletoe 

200 

200 

Tradescantia . 

. 2,000 
. 10,710 

2,000 

House Leek 

6,000 

Garden Flag . 

. 11,572 

11,572 

Aloe 

. 25,000 

20,000 

Yucca 

. 40,000 

40,000 

Clove Pink 

. 38,500 

38,500 


Stomata are not found upon all plants. Thus they are 
absent from all Thallophytes, as the Algie, Fungi, and Lichens. 
In the higher orders of Cormophytes, as the Ferns and their 
allies, they abound, while in the Liverworts and Mosses they 
are confined to certain organs. They exist more or less 
upon all Flowering Plants and their organs. But they are 
far more abundant upon those organs which are green ; thus 
they are found especially upon leaves, as we have seen, and 
particularly on their under surface. On floating leaves, as in 
the Water-lily, however, we find them only on the upper surface. 
They occur also on the young green branches of plants and on 
the parts of the flower, in the interior of the fruit of the 
Wallflower, and on the seed of the Walnut. In those plants 
which have no true leaves, as the Cactacese, they abound upon 
the green succulent stems. They are commonly only found on 
those parts which are furnished with a true epidermis, and are 
accordingly absent from roots and all submersed parts of plants. 
They are also absent from pale parasitical plants ; from the 
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epidermis of plants growing in darkness so as to be blanched ; 
and from the ribs of leaves. 

5. Appendages of the Epidermis. — Upon the surface of the 
epidermis, or in the sub-epidermal tissue, there are frequently 
to be found certain structures consisting of one or more cells 
of different forms, variously combined, and containing various 
substances. These are termed, collectively, Appendages of the 
Epidermis ; and as their name implies, they have no connection 
with the fibro- vascular tissue of the leaves or stem. We shall 
treat of them under the two heads of Hairs and Glands. 

(1.) Hairs or Trichomes . — These are thread-like prolongations 


Fig. 133. Fig. 134. Fig. 135. 



Fig. 137. 




Fig. 138. 



Fig. 139. 


, Fig. 1 33. Simple unbranched hai r of the common Cabbage. Fig. 131. Forked 

hair of Whitlow- grass ( Draba ). Figs. 135, 136. Branched stellate hairs 

of Alyssum. Fig. 137. Stellate hairs from Altheea officinalis. Fig. 138. 

Branched hair of a species of Marrubium. Fig. 139. Branched hair of 

Alternanthera axillaris. From Henfrcy. 


externally of the epidermal cells covered by cuticle (figs. 119, 
g , g , and 124). They may either consist of a single cell, when 
they are called simple hairs (figs. 133-137), or of several cells, when 
they are compound hairs (figs. 140 and 141 ). Simple hairs may be 
undivided (fig. 133), or forked (fig. 134), or branched (fig. 135). 
A beautiful form of simple hair is that called stellate, as seen in 
Deutzia scahra , Alyssum , &c. (figs. 130 and 137) ; this is formed 
by a cell dividing horizontally into a number of parts which are 
arranged in a star-Kke form. 


FORMS OF HAIRS. 


Cl 

Compound hairs may be also undivided, as is more frequently 
the case (Jigs. 140 and 141), or branched (Jigs. 138 and 139). The 
component ceils of compound hairs may be also variously 
arranged, and thus give a variety of forms to such hairB. Com- 
monly, their cells are placed end to end in a single row, so that 
the hairs assume a more or less cylindrical form ; but when the 
component cells are contracted at the points where they come in 
contact, they become rnoniliform or necklace-shaped (Jigs. 140 
and 141). When the cells below are larger than those above, so 
that the hairs gradually taper upwards to a point, they become 


Fig. 140. Fig. 142. 



Fig. 141. 


Fig. 143. Fig. 144. 



Fig. 145. Fig. 146. 


Fir/. 140. Moniliform liair of the Virginian Spiderivort {Traflescantia vir- 

gtnica). Fig. 141. Moniliform hair of the Marvel of Peril ( Mirubilis 

Jalupa), Fig. 142. Ctnvate hairs. Fig. 143. Capitate hairs. Fig. 

144. Hooked hairs. Fig. 145. Gloehidiate or barbed hairs. Fig. 146. 

Stellate hair from the Ivy. Fig. 147. Peltate hair from Malpighia urens. 


conical ; or when gradually larger from the base to the apex, the 
hairs are clavate or club-shaped (Jig. 142) ; or when suddenly 
enlarged at their apex into a rounded head, capitate (Jig. 143). 
When the terminal cells of hairs are terminated by a hook on 
one side pointing downwards, such hairs are termed uncinate or 
hooked (Jig. 144) ; or if ending in two or more hooks at the apex, 
they are gloclvidiate or barbed (Jig. 145). Hairs again, instead 
of being erect, or placed obliquely upon the epidermis, may 
develope horizontally in a more or less circular manner, and 
form stellate hairs , as in the Ivy ( fig. 146) ; or two of the com- 
ponent cells may develope in opposite directions from another 
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cell raised above the level of the epidermis, so as to produce 
■what is termed a shield-like or peltate hair (jig. 147). Many of 
the above forms occur equally in simple hairs as in compound ones, 
and the figures are taken indifferently from either kind. Many 
hairs have one or more spiral fibres in their interior, as those on 
the outer coat of the seeds of Acanthodinm , and the fruit of 
Salvia Hormimmi (Jig. 148). 


Fig. 148. 



Fig. L50. 




pin 148 . Hairs with spiral fibre in their interior, from the outer coat of the 

fruit of Salvia Ilormmuvi. Tiff. 14.0. Scale or radiating hair of the 

Oleaster (Elceagntis). Fig. 150. Ramenta from the petiole of a Fern. — - 

Fig. 161. Ramentaceous hair, showing its component cells. Fig. 152 

Prickles on a Rose-branch. 

When the divisions of stellate hairs are closely connected by 
cuticle or otherwise, they form scabs or scurf ; such epidermal 
appendages are, therefore, simply modifications of stellate hairs. 
A scale may be defined as a flattened membranous more or less 
rounded plate of parenchymatous tissue, attached by its centre, 
and presenting a more or less irregular margin from the unequal 
prolongation of its component cells (Jig* 149). These scales are 
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particularly abundant on the surface of some plants, to which 
they communicate a scurfy or silvery appearance, as in the 
Else, agnus. Such a surface is said to be lepidote , from lepis, the 
Greek term for a scale. 

Other modifications of hairs which are allied to the above, are 
the ramenta or ramentaceous hairs so frequently found upon the 
stem and petioles of Ferns. These consist of cells (Jig. 151) 
combined so as to form a brownish flattened scale attached 
by its base to the surface of the epidermis from whence it grows 
(fig. 150). 

When the hairs are composed of cells which are short, and 
have their internal walls thickened so that they form stiffened 

Fig. 158 Fig. 154 . Fig. 155 . 


Fid. 15:>. a Cotton. 6. Flax fibre?. 

Fig. 154. Pistil of the Bell-flower (Cam- 
panula). with its style covered with 

collecting hairs. Fig. 165. Magnified 

representation of two of the collecting 
bRirs of the Bell-flower, a. The hair in 
its normal position, b. The hair with 
the upper part partially drawn within 
its lower. From Schleiden. 

processes, they are then called set# or bristles, and the surface 
iB termed setose or setaceous. These, slightly modified, form 
prickles , which may be defined as large multicellular hairs which 
spring from the epidermis and layer of cells beneath, the walls 
of which are hardened by the deposition of lignin, and which 
terminate in a sharp point (fig. 152). They are especially abun- 
dant on the stems of the Rose and Bramble. Prickles and some 
other allied structures have been termed Emergences. They 
should be carefully distinguished from spines , to be hereafter 
alluded to when speaking of branches. (See page 110.) 

The hairs above described are either empty, or they contain 
fluid of a watery nature, which may be colourless or coloured. 

Such have been therefore termed by some botanists, lympha- 
tic hairs, to distinguish them from other hair-like appendages 
which are filled with special secretions, and hence have been 
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called glandular hairs. The latter will be again alluded to under 
q!ands f to which variety of epidermal appendage they properly 
belong. 

Hairs occur upon various parts of plants, and, according to 
their abundance and nature, they give varying appearances to 
their surfaces, all of which are distinguished in practical Botany 
by special names. The more common position of hairs is upon 
the leaves and young stems, but they are also found on the parts 
of the flower, the fruit, and the seed. The substance called 
cowhage consists of the hairs covering the legumes of Mucnna 
pruriem ; while cotton is the hair covering the seeds of the species 
of Gossypium. 

Cotton may be readily distinguished under the microscope 
from the liber-cells already described, from its component cells not 
possessing any stiff thickening layers, and thus collapsing when 
dry, so that it then resembles a more or less twisted band with 
thickened edges (fig. 153, a) ; while liber-cells, such as those form- 
ing flax fibres, from having thick walls, always maintain their 
original cylindrical form and tapering extremities, b. 

On young roots we find cells prolonged beyond the surface 
which are of the nature of hairs, and have therefore been termed 
root-hairs or fibrils (figs. 19 and 243). The hairs which occur on 
the parts of the flower frequently serve an indirect part in the 
process of fertilisation by collecting the pollen which falls from 
the stamens ; hence such are termed collecting hairs (fig. 154). 
The collecting hairs which occur on the style of the species of 
Campanula (fig. 155, a) are peculiar from their upper end, b, 
retracting within their lower, at the period of fertilisation. 

(2.) Glands. — This name properly applies only to cells which 
secrete a peculiar matter, but it is also vaguely given to some 
other epidermal and sub-epidermal appendages. Glands have 
been variously arranged by authors ; thus by some, into exter- 
nal and internal ; by others, into simple and compound ; while 
others, again, have adopted different modes of arrangement. 
We divide them into external and internal. 

a. External Glands. — These may be again divided into stalked , 
and sessile or not stalked. The stalked glands are those which are 
frequently called glandular hairs. They are either formed of a 
single cell, dilated at its apex by the peculiar fluid it secretes 
(figs. 156 and 157), or of two (fig. 160), or more (fig. 161) 
secreting cells placed at the end of a hair ; or they consist of a 
mass of secreting cells (figs. 158 and 159). 

Sessile Glands present various appearances, and consist, like 
the former, of either one secreting cell (fig. 163), or of two, or 
more (fig. 162). Those with one secreting cell placed above the 
level of the epidermis are frequently termed papillae ( fig. 163) ; 
and it is to their presence upon the surface of the Ice-plant that 
the peculiar crystalline appearance of that plant is due. When 
eile glands are composed of cells containing solid secretions 
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so that they form hardened spherical or other shaped append- 
ages upon the surface of the epidermis, they are termed warts. 

When a sessile gland contains an irritating fluid, and is elon- 
gated above into one or more hair-like processes, which are 
placed horizontally (fig. 164), or vertically (fig. 165), we have a 


Fig. 156. Fig. 157. Fig. 158. Fig. 159. 



Fig. 156. Stalked unicellular gland of Salmi. Fig. 157. Stalked unicel- 
lular glands of Snai>dragon (Antu rhinum mnjm) Fig 158 Stalked 

many-celled gland of Ailanthus qUmdulo&a. From Me\on. Fig. 151). 

Stalked many-celled gland from Begonia 2 >latan\f<jlia. From Mejeu. 


sting formed. Stings are sometimes arranged under the head of 
stalked glands ; we place them here because their secreting appa- 
ratus is at the base, and not at the apex, as in stalked glands. 

In the Nettle (fig. 165), the sting consists of a single cell, 
enlarged at its base, 6, by the irritating fluid /, /, which it con- 


Fig. 160. Fig. 161. Fig. 1C2. Fig. 163. 



X 


Fig. 160. Stalked gland of Snaplragon, terminated at its summit by two 

secieting ci 11s. Fkj. 161. Stalked gland with four secreting cells at its 

apex From Mejen. Fig. 162. Sessile many-celled gland from the 

common Hop(/f«/«MlMi Lupultn ), and commonly termed a hipitlimc gland. 
Fig. 163. One-cclled sessile glands, termed papuloe or paptlhe. 


tains, and tapering upwards to near the apex, when it again 
expands into a rounded head, s. The enlarged base is closely 
invested by a dense layer of epidermal cells, w e, which forms a 
kind of case to it. In touching a nettle lightly, the knob-like 
head, s, is broken off, and the sharp point of the sting then left 
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enters the skin, while the irritating fluid is pushed up at the 
same time into the wound by the pressure occasioned by the 
elastic force of the surrounding epidermal cells, w e. If a nettle, 
instead of being thus touched lightly, be grasped firmly, the 


Fig. 164. 


Fig 165. 


b 



Fa. 164. Sting of a species of Malptqhia,. 
< . Epidermis. 6, b, g. Glandular appa- 
ratus. Fig . 165. Sting of the common 

Nettle ( Urtica dunca ), consisting of a 
single cell with a bulbous expansion at 
its base, b , and terminated above by a 
swelling, s , and containing a granular 
irritating fluid, /, /. iv e. Epidemiol 
cells surrounding its base. 



sting becomes crushed, and as it cannot then enter the skin, no 
irritation is produced. 

b. Internal Glands . — These are cavities containing secretions 
situated below the epidermis, and surrounded J>y a compact layer 
of secreting cells (Jigs. 100, <j, and 107). They are closely allied 


Fig. 166. Fig. 167. 



Fig. 166. Internal gland from the leaf of the common Ru e(Ruta grareofens). 
g. Gland surrounding a cavity, /, and itself surrounded by the epidermis, 

e, and the ordinary cells of the leaf, we. -Fig. 167, r, r. Internal glands 

from the rind of the orange. 


in their nature to receptacles of secretion (see page 08), from 
which, in fact, in many cases, it is difficult to distinguish them. 
In some cases they are cf small size, as in the leaves of the 
Rue (Jig. 166, l), Myrtle, Orange, Lemon, aiid St. John’s Wort. 
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They may be readily observed by holding such leaves between 
the eye and the light, when they appear as little transparent 
spots. This dotted transparent appearance is due to the oily 
matters they contain refracting the light in a different manner to 
that of the other parts of the leaf. In other instances these glands 
are of large size (fig. 107, r, r), and project more or less beyond 
the surface in the form of little excrescences or tubercles, as those 
in the rind of the Orange, Lemon, and Citron. Internal glands 
are very common in many other plants, besides those already 
mentioned : thus in all the Labiate Plants, as Mint, Marjoram, 
Thyme, Rosemary, Sage, &c . ; and it is to the presence of the 
secretions they contain that such plants owe their value as 
articles of domestic economy, or as medicinal agents. 

Holding a sort of intermediate position between the internal 
and external glands as above described, are the true nectaries of 

Fig. 168. Fig. 169. Fiq. 170. 





Fta. Tetal of a sptrvs of U n\tmcvJn% with a iitctan at its base, 

covered b> a scale. Fhj 1<>9. 1’et.il of Crown Imperial ( Fntillana «w- 

jurialu ), with a nectariferous gland at its bait* /’/</. 170. Ail cavities 

foini the stem ot Ltmnocfiat is Flumitri . 


flowers, which being strictly of a glandular nature will be most 
properly alluded to here under the name of ncctarifirous glands. 
They are well seen at the base of the petals of the specie*-, of 
Ranunculus (fig. 108) and in the Crown Imperial (fig. lfiO). 
These glands consist of a pore or depression into which a honey- 
like fluid or nectar is secreted, or rather excreted, by the surround- 
ing cells. The tissue of the stigma of Flowering Plants is also 
covered by a viscid secretion or excretion at certain periods, 
and may be considered therefore as of a glandular nature. 

6. Intercellular System. — Having now described the 
different kinds of cells, and the modifications which they under- 
go when combined so as to form the tissues, we have in the 
next place to allude to certain cavities, &c., which are placed 
between their sides. These constitute the Inti rcellular System. 

a. Intercellular Passages or Canals and Intercellular Spaces . — 
The cells being, in the greater majority of cases, bounded by 
rounded surfaces, or by more or less irregular outlines, it must 
necessarily happen that when they come in contact with one 
another they can only touch at certain points, an*d therefore 
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interspaces will be left between them, the size of which will vary - , 
according to the greater or less roundness or irregularity of their 
surfaces. When such spaces exist as small angular canals 
running round the edges of the cells and freely communicating 
with one another, as is especially evident in round or elliptical 
parenchyma (figs. 58, i, i, and 59), they are called intercellular 
passages or catuds ; but when they are of large size, as in spongi- 
form tissue, they are termed intercellular spaces ( figs 90 and 
120, c). In most cases these spaces and canals are filled with 
air, and when they occur <in any organ exposed to the atmosphere 
which possesses stomata, they always communicate with them 
(fig. 128, l). by which means a free passage is kept up between 
the atmosphere and the air they themselves contain. 

h. Air Cavities . — In water plants the intercellular spaces are 
commonly of large size, and hounded by a number of small cells 
regularly arranged by which they are prevented from coinmum- 


Fig. 171. 
A 



Fw 171. Fruit of Parsnip (P/isftntnn *ntnn). A. Doisnl surface a b,/> rr 
Prunan ndgos l, 2,6, 4, r ) 6. I itta* B. Horizontal section of t'u fruit 
The letters and figures refer to tiie same parts as in A Jn ftq A the 
vittaa are leadily seen b\ noticing that they are shortei than, and alter- 
nate with, the ridges, a, b,b,i, c 

eating with one another, or with the external air (fig. 170) ; they 
are then commonly termed air cavities In such plants these 
cavities fulfil the important services of enabling them to float, 
and of supplying their interior with air. In other instances w e 
find large air cavities, as in the stems of Grasses and Umbelli- 
ferous plants, which have been formed by the destruction of their 
internal tissues by the more rapid growth of their outer portions ; 
these have no direct functions to perform. 

c. Receptacles of Secretion . — In many plants, again, the inter- 
cellular canals or spaces act as receptacles for the peculiar secre- 
tions of the plant ; in which case they are termed Receptacles of 
Secretion. In many instances these are closely allied to the 
internal glands already described (figs. 166 and 167), and are 
frequently confounded with them ; but, properly speaking, an 
internal gland is a secreting organ in itself, while a receptacle of 
secretion is merely a cavity containing a secretion which has 
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bean formed in other parts and deposited in it* These receptacles 
vary much in form, but are usually more or less elongated. They 
are formed by certain cells separating from eaeh other as they are 
developed, by which means a cavity is hollo-wed out of the sur- 
rounding tissue. In the Conifers they contain turpentine, and 
have therefore been termed turpentine vessels* In the plants of 
this order they occur especially in the wood (Jig. 181 , la) and 
bark : those in the wood forming elongated tubular passages. In 
the pericarp of the fruit of Umbelliferous Plants they form club- 
shaped receptacles of oil, which are commonly termed vittw (Jig. 
171 , A and B). The receptacles of secretion are found especially in 
certain orders of plants, to which from the nature of their contents 
they communicate important properties. 

d. Intercellular Substance. — The spaces above described as 
occurring between the sides of cells appear in some few cases to 
be filled up by solid matter, to which the name of intercellular 
substance has been given. This intercellular substance was sup- 
posed to be universally distributed between the cells, glueing 
them together as it were, and in some plants occurring in great 
abundance, as in many Algae, the horny albumen or endosperm 
of seeds, and in the collenchymatous cells of the common Beet, 
Begonia (Jig, 92, cl , cl), 6zc. But in all these cases this appear- 
ance is due to alterations and changes which have taken place 
in the cellulose forming the cell- wall. Thus, in the Sea Wrack, 
it is caused by the enormous imbibition of water, which makes 
the outer part of the cell-wall swell up, and eventually to be 
converted into mucilage. 


CHAPTER 3*. 

ORGANS OF NUTRITION OR VEGETATION 

Having now fully considered the elementary structures of 
plants, we proceed to describe in detail the various compound 
organs which they form by their combination. These, as already 
noticed (page 13), are arranged in two divisions, namely : 1. Or- 
gans of Nutrition or Vegetation, and 2. Organs of Reproduction. 
The root, stem, and leaves form those of nutrition ; and the 
flower and its parts those of reproduction. Upon the whole, it 
is most convenient to commence our notice of the organs of 
nutrition with the stem. 

Section 1. The Stem or Caulome. 

The stem maybe defined as that part of the axis which at its 
first development in the embryo takes an opposite direction 
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to the root, seeking the light and air, and hence termed the 
ascending axis, and bearing on its surface the leaves and other 
leafy appendages (Jig. 18, t). This definition will, in nume- 
rous instances, only strictly apply to a stem at its earliest de- 
velopment, for it frequently happens that, soon after its ap- 
pearance, instead of continuing to take an upward direction into 
the air, it will grow along the ground, or even bury itself beneath 
the surface, and thus by withdrawing itself from the light and air 
it resembles, in such respects, the root, with which organ such 
stems are, therefore, ordinarily confounded. In these cases, how- 
ever, a stem, as already noticed (page 14), is at once distinguished 
from a root by bearing modified leaves, each of which has also 
the power of forming a leaf-bud in its axil. The presence of 
leaves with leaf-buds in their axils is therefore the essential cha- 
racteristic of a stem, in contradistinction to a root, in which such 
structures are always absent. 

All Flowering plants, from the mode in which their axis is 
developed from the embryo in germination (page 12), must ne- 
cessarily have a stem, although such stem may be very short. 
Those which have this organ clearly evident are called caulescent, 
while those in which it is very short or inconspicuous are termed 
acaulescent or st ‘unless. In Flowerless plants the stem is not 
necessarily present ; thus it is absent in all Thallophytes, as 
already noticed (page 7). 

1. Internal Structure of the Stem in general. — A stem 
in its simplest condition consists merely of parenchymatous cells, 
with occasionally a central vertical cord of slightly elongated, 
somewhat thickened cells. Examples of such a stem may be 
seen, with few exceptions, in Liverworts and Mosses ( fi<js. 7-0). 
Such a structure however would be unsuited to plants except 
those of low organisation, and we accordingly find, as a rule, that 
in all plants above the Mosses the stem is made up partly of 
parenchymatous cells, and partly of woody tissue and vessels of 
different kinds, by which the requisite strength and toughness 
are produced. In such stems therefore we distinguish two sys- 
tems as already noticed (page 54), namely, a Parenchymatous or 
Cellular, and a F ihro- vascular. The parench ymatous system grow s 
in any direction according to circumstances, either longitudinally, 
by which the stem is increased in length, or horizontally, by 
which it is enlarged in diameter. The fibro-vascular system 
only grows longitudinally, and thus forms cords or bundles which 
are distributed vertically in the midst of the parenchymatous. 
The parenchymatous system is therefore also termed the hori- 
zontal system , while the Jilrro-vascular is likewise called the longi- 
tudinal or vertical system. 

In their internal structure the stems of plants are subject to 
numerous modifications, all of which may be, however, in their 
essential particulars, reduced to three great divisions, two of 
which are found in Phanerogamous or Flowering plants, and one 
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in CryptogarAous or Flowerless plants. As illustrations of the 
two former we may take an Oak and a Palm stem ; of the latter, 
that of a Tree-fern. 

Upon making a transverse section of an Oak (Jig. 172), we 
observe that the two systems of which the stem is composed are 
so arranged as to exhibit a distinct separation of parts. Thus 
we have a central one, m, called the pith ; an external one, c e , or 
bark ; an intermediate wood , r, dispersed in concentric layers ; 
and little rays, 6, connecting the pith and the bark, termed me- 
dullary rays. Such a stem grows essentially in diameter by an- 
nual additions of new wood on the outside of the previous wood, 
and hence it is called Exogenous (from two Greek words signi- 
fying outside growers). 

Fig. 172. Fio. 173. 




Ft ft. ] 72 Transveiee sect on of an Oak-btauch \earsoM. in. The me- 
dulla or ] utli i, t. The bulk. r. The wood. I Medullary ra\s. 

Fiq 17.1 Tiaii*»veise section or the atom of a Falm. m The cellular sub- 
stance. t The fibio-Vii'sCulai bundles. The whole being invented bj a 
rind or false bark, b. 


In a Palm stem no such distinction of parts can be noticed 
(Jit. 173), but upon making a transverse section we observe a 
mass of parenchyma, m , distributed throughout it, and the 
fibro- vascular system arranged vertically in this in the form of 
separate bundles, /, which have no tendency to form concentric 
layers of wood ; the whole being covered externally by a fibrous 
and parenchymatous layer, 6, which, as will be hereafter seen, 
is formed essentially by the ends of the vascular bundles, and 
which is termed the false bark or rind. This structure is called 
Endogenous (from two Greek words signifying inside growers ), 
as such stems grow by the addition of new vascular bundles 
which are at first directed towards their interior. These two 
structures, the Exogenous and Endogenous, are characteristic 
of Flowering plants. 

If we now turn our attention to Flowerless plants, and make 
a transverse section of a Tree-fern (Jig. 174), we observe the 
centre, m, to be either hollow or filled with parenchyma, the 
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vascular bundles being arranged in irregular sinuous plates around 
it, v , t>, v , and forming a continuous or interrupted circle near 

the circumference, which consists 
of a rind, e, inseparable from the 
wood beneath. This structure is 
termed Acrogenous (from two 
Greek words signifying summit 
growers ), because such a stem 
grows only by additions to its 
apex. 

The characteristic peculiarities 
thus found to exist in the internal 
appearance and growth of these 
three kinds of stem are due to 
corresponding differences in their 
component parts, or, as they are 
commonly called, their Jibro-vas- 
euhtr or vascular bundles. Thus 
the vascular bundle of an Exo- 
genous stem (Jig. 175) consists m 
the first year of growth of a layer 
of spiral vessels, s v, surrounding 
the pith, p ; and on the outside of 
this layer there are subsequently developed, in perennial plants, 
jutted vessels, d 9 and wood-cells, w> which together form the 
wood. In herbaceous plants annular and reticulated vessels are 
also found intermixed with the wood-cells. The whole is covered 
externally by a layer of vitally active cells called the cambium 
layer , c, on the outside of which are the liber, l , and the other 
parts of the bark, c e, and the epidermis, e. The different kinds 
of tissue which are placed within the cambium layer form what 
lias been called the xylem or woody portion of the bundle ; and 
those outside the cambium the phloem or bark. In these bun- 
dles the growth of the different jiarts is progressive, the inner 
part of each being first formed, and growth gradually j>roceeding 
to the outside, and as they contain cambium they are capable of 
further growth, and thus form periodically new layers of xylem 
and phloem, and are therefore called indefinite or open vascular 
bundles. It also necessarily follows from the cambium being 
placed between the xylem and the phloem, that the layers of in- 
crease to these j>arts of the bundle are in continuity with the 
previous ones. 

In Endogenous stems the vascular bundles (jig. 17G) consist 
internally of wood-cells, w, and spiral vessels, s v ; on the outside 
of which other spiral vessels are formed, as well as pitted, d , and 
other vessels ; these are succeeded by a number of delicate jiaren- 
chymatous cells, c, corresjionding to cambium cells, which are 
gradually converted into thick-sided prosenchymatous cells, l , 
resembling those of the liber of Exogenous stems. On the 


Fig. 174. 



Fig 174. Transverse section of the 
stem of a Tiee-fern. m. Pareneliv 
lnatous cells, which are w anting in 
the centre. i,i,v. Tibio- vascular 
bundles, e. Rmd. 
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outside of these liber-cells are some laticiferous vessels 7c ; and 
the whole bundle is surrounded by parenchyma, p. In this case 
the development of the vascular bundles, like those of Exogenous 
stems, is gradual, the inner part of each being first formed and 
growth proceeding progressively to the outside ; hence these also 
are progressive bundles, but, as such bundles have no layer 
of growing cells resembling the cambium layer, no increase 
in size can take place in them in successive seasons, as in the 
indefinite vascular blind) es of Exogenous stems. Hence the new 
vascular bundles are not developed in continuity with the old, 


Fig. 175. 


Fig. 176. 



Fig. 17f>. Transverse section of a fibro- vascular bund 1c of an Exogenous stem 
(Melon), p. Pith. sv. Spiral vessels, mr. Medullary ray. tr. Wood-cells. 

(/. Pitted vessels, c. Cambium layer. 1. Liber. /<’. Laticiferous vessels. 
ce. Cellular portion of tlie bark. e. Epidermal tissue. Fig. 176. Trans- 

verse section of a fibro-vascular bundle of an Endogenous stem (Palm), 
the upper portion being directed to the centre. tc. Wood-cells, sv. Spiral 
vessels, r. Cambium-cells, d. Pitted vessels, p. Parenchyma surrounding 
the bundle. I. Liber-cells. Ic. Laticiferous vessels. 

but remain distinct and of limited size. They are therefore 
named definite or closed vascular bundles. 

In Acrogenous stems the vascular bundles are chiefly made 
up of vessels of the scalariform, annular, or spiral type, accord- 
ing to the different orders of Cormophytes from whence they 
have been derived ; these are surrounded by delicate tubular 
cells, and the whole is enclosed by a firm layer of parenchy- 
matous cells the walls of w r hich have undergone a thickening 
and hardening process, and to w’hich the name of sclereuchyma has 
been given. Such bundles only grow’ by additions to their sum- 
mit, and as the elements of w’hich they are composed are not 
formed in succession like those of indefinite and definite vascular 
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bundles, but simultaneously, they are called simultaneous vas- 
cular bundles . 

The distinctive appearances and modes of growth which we 
have thus seen to occur in the stems of the three plants above 
noticed are also accompanied by certain differences in the struc- 
ture of their embryo. Thus plants with Exogenous stems have 
an embryo with two cotyledons (Jigs. 14 c, c, and 16 c, c) ; those 
with Endogenous stems have but one cotyledon in their embryo 
(Jig. 17, c ) ; while those with Acrogenous stems have no proper 
embryo, and consequently have no cotyledons. Hence Exogenous 
stems are also termed Dicotyledonous ; Endogenous stems Mono - 
cotyledonous ; and Acrogenous stems A cot yledonous. For reasons 
which w r e shall describe hereafter, the latter terms are in some 
cases to be preferred to the former. In the succeeding pages we 
shall use them indiscriminately. 

With these general remarks on the internal structure of the 
three kinds of stems we now proceed to describe them respectively 
in detail. 

A. Exogenous on Dicotyledonous Stem. — All the trees and 
large shrubs of this country, and with rare exceptions those of 
temperate and cold climates are exogenous in their growth. In 
warm and tropical climates such plants occur associated with those 
possessing endogenous and acrogenous structure ; but exogenous 
plants are far the most abundant even in these parts of the globe. 

In the embryo state, the Exogenous stem is entirely composed 
of parenchyma. But as soon as growth commences, some of its 
parenchymatous cells become deve- 
loped into vessels and w T ood-cells, so 
as to form the wood of the indefinite 
vascular bundles which are charac- 
teristic of such a stem. These woody 
portions (Jig . 177) are at first sepa- 
rated from each other by large inter- 
vening spaces of parenchyma, but as 
growth proceeds they continue to en- 
large, while at the same time new vas- 
cular elements' are formed between 
them, so that they ultimately form 
at the end of the first year’s growth 
Fig. 177. Horizontal section of the a zone of vessels and wood-cells 



first year’s stem or brand i of an 
Exogenous or Dicotyledonous 
stem. m. Pith. r. Medullary 
rajs. /. Spiral vessels forming 
the medullary sheath, on the 
outside of which are the other 
elements of the vascular bundle. 
b. Bark. 


round the central mass of paren- 
chyma, interrupted only at certain 
pomts by projections of this paren- 
chyma in the form of radiating lines. 
This zone is also surrounded by an 
external layer, b , of parenchymatous 
tissue, which is connected with the 
central parenchyma by the radiating lines already alluded to. 
The stem then presents the following parts (Jig. 177) : 1. A 
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central mass of parenchyma, ra, which is called the Medulla 
or Pith ; 2. An interrupted ring of spiral vessels, t , called the 
Medullary sheath ; 3. An interrupted zone or ring of wood- 
cells and vessels, forming the Wood ; 4. A zone of very delicate 
thin-walled cells, the Cambium layer ; 5. Radiating lines, r, 
connecting the pith with the cambium layer, the Medullary 
rays ; 6 . The Bark , b , a mass of green parenchyma surrounding 
the whole stem, and which is itself enveloped by the Epi- 
dermis. 

The stems of plants which live more than one year, as those 
of trees and shrubs, at first resemble those which are herbaceous 
or die yearly, except that the wood in such plants is generally 
firmer and in larger proportion. As growth proceeds in the 
second year, a new zone of wood is formed on the outside of the 


Fio. 178. 



/’?>/. 178. Horizontal section from the centre to the circumference of the 
stem of the Maple, three } ears ohl. m. Pit}), t. Spiral ve^sek. r, r, v. 
Pitted vessels. /,/,/. Wood-cells, c. Cambium layer, .v. Epipliloem ; 
within which may be observed three cortical layers, marked Ip l, pl,p l, 
corresponding to the three years’ growth. nw. Newly forming bark. 

The figures 1, 2, 3, refer to the three successive years’ growth of the wood. 

one of the previous year (Jig. 178, 2), while at the same time 
a new fibrous layer is added to the inside of the bark, l. These 
layers are developed out of the vitally active cells of the cambium 
layer, already alluded to as being situated between the xyleni 
and the phloem of the indefinite vascular bundles which form 
the stems of Exogenous plants (Jig. 175, c). The medullary rays 
( Jig. 180, A, i, i), at the same time increase by addition to their 
outside, and thus continue to keep up the connection between 
the pith and the bark. In succeeding years we have in like 
manner new layers of wood and fibrous bark, one of each for 
every year’s growth (Jig. 178,3), while the medullary rays also 
continue to grow from within outwards. Each succeeding 
year’s growth is therefore essentially a repetition of that of the 
first year, except as regards the pith and spiral vessels; the former 
of which does not increase in size after the first year, and the 
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latter are never repeated, so that in old stems we have no more 
distinct regions than in those of the first year. We have conse- 
quently in all Exogenous stems the following parts, namely, pith, 
medullary sheath , wood, medullary rays , cambium layer, and 
bark — which we shall now describe in the order in which they are 
placed. 

1. Pith or Medulla {figs. 178, m, and 180, a, a). — This 
consists essentially of parenchyma, and it forms a more or less 
cylindrical or angular column which is situated commonly at, or 
towards, the centre of the stem. As a general rule the pith is 
not continued into the root, but it is always in connection directly 
with the terminal bud of the stein, and also at first indirectly 
by the medullary rays with all the lateral leaf -buds ; as the 
latter, however, continue to develope, their connection with the 
central pith is cut off, as will be explained hereafter in speaking 
of their structure and origin. The parenchyma of which the 
pith is composed is generally that kind which is knowm as 
regular {fig. 62), so that when a section is made of it, and 
examined microscopically, it presents a hexagonal (fig. 63), or 
polyhedral appearance. 

In the earliest stages of the plant’s existence the whole of it 
consists of celts similar to those which form the pith, and the 
name of fundamental tissue has been given to 
it ; as out of this tissue, by the differentiation 
of special cells, the more elaborate spiral and 
other vessels, and wood-cells are developed. 
As, however, these elements of the fibro-vas- 
cular bundles increase in number, they en- 
croach upon the fundamental tissue, circum- 
scribing the central portion till it assumes the 
appearance of a central continuous column 
filling the interior of the stem and giving off 
the medullary rays as flattened plate-like pro- 
cesses. 

Instead of continuing to form an uninter- 
rupted column, the pith, in after years, owing 
to external parts growing rapidly, becomes 
more or less broken up ; and even in such plants 
as the Hemlock and others, which grow with 
great rapidity, it is almost entirely destroyed, 
merely remaining in the form of ragged por- 
tions attached to the interior of the stem. In 
Vranch of Wakuit some plants, such aa the Walnut ( fig. 179) and 



(Juf/lam reyia)c ut 
\ erticall j to show 
the discoid pith. 


Jessamine, the pith is broken up regularly into 
horizontal cavities separated only by thin discs 
of its substance. It is then termed discoid. 


The diameter of the pith also varies much in 
different plants. It is generally very small in hard- wooded plants, 
as in the Ebony and Guaiacum ; while in soft- wooded plants, as 
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the Elder and Ricepaper Plant {Tetrapanax ( Aralia ) papyrifera), 
it is large. The diameter not only varies in different plants, but 
also in different branches of the same plant ; but when once the 
zone of wood of the first year is fully perfected, the pith which 
it surrounds can no longer increase, and it accordingly remains 
of the same diameter throughout the life of the plant. 

The pith, as we have just seen, is essentially composed of 
parenchyma. It also frequently contains laticiferouB vessels, as 
may be readily observed by breaking asunder a young branch of 
the Fig-tree, when a quantity of milky juice at once oozes out 
from their laceration. 

2. The Medullary Sheath {fig. 180, B, d) consists of spiral 
vessels which are situated on the innermost part of each wedge of 
wood. They do not form a continuous investment to the pith, but 
spaces are left between them, through which the medullary rays 
pass outwards {fig. 177, t). As the spiral vessels are never re- 
peated after the first year’s growth, the medullary sheath is con- 
sequently the only part of the stem in which they normally occur. 

3. The Wood . — This is situated between the pith on its inside 
and the bark on its outer {fig. 172, r), and it is separated into 
wedge-shax>ed bundles by the passage through it of the niedul 
lary rays, b. We have seen that in the first year’s growth of an 
exogenous stem the wood is deposited in the form of an inter- 
rupted zone immediately surrounding the pith {fig. 177). That 
portion of the zone which is first developed consists, as we have 
seen, chiefly of spiral vessels {figs. 177, t ; 178, t ; and 180, B, d), 
which form the medullary sheath. 

On the outside of the medullary sheath, the zone of wood 
forming the first year’s growth {fig. 180, B, 1) consists of woody 
tissue, c, among which are distributed, more or less abundantly, 
some vessels, b , chiefly of the kind called pitted in perennial 
plants ; although in herbaceous plants we have also annular and 
other vessels. When the stem lasts more than one year a second 
zone of wood is formed, as we have seen, from the cells of the 
cambium layer which are placed on the outside of the first zone. 
This second zone {fig. 180, 2) resembles in every respect that of 
the first year, except that no medullary sheath is formed ; it 
consists therefore entirely of w r oody tissue and pitted vessels, 
c, b. In the third year of growth another zone of wood is 
produced precisely resembling the second {fig. 180, 3), and the 
same is the case with each succeeding annual zone as long as the 
plant continues to live. It is in consequence of each succeeding 
layer of wood being thus deposited on the outside of those of the 
previous years, that these stems are called exogenous. In the 
stems of Gymnospermous Plants, as th6se of the Fir, Yew, and 
Cypress, the annual zones of wood which are well marked {fig. 
181), instead of being formed of ordinary woody tissue, and pitted 
vessels, consist entirely of disc-bearing woody tissue (see pages 
41 and 47). 
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The pitted vessels, which as we have seen form an essential 
portion of the annual layers of the wood of all exogenous stems, 
except those of the Gymnospermia, are so large in the Oak, Ash, 
and other plants, that they may readily be seen by the naked eye 
upon making a transverse section of the stems of such trees ; and 
in all cases, upon examining under the microscope a transverse 
slice of any common exogenous stem, the pitted vessels may be 
at once distinguished from the wood-cells by the larger size 
of their openings (Jigs. 178, v, v 9 v, and 180, A, b , b , b). In the 




Fig. 180. Diagram showing the structure of an Exogenous stem throe years 
old. A. Horizontal section. B. Vertical section. The figures 1, 2, 3, 
refer to the > ears of growth of the wood, and the letters mark similar 
jiarts in both sections, o, a. Medulla or pith. d. Spiral vessels, b, 0 , b. 
Pitted vessels, c, c, c. Wood-cells, e. Cambium layer. /. Inner layer of 
bark or liber {m dophfoem). g. Middle layer of bark {me so phloem), h. 
Outer layer of bark ( rpiphloem ). *, i. Medullary ray*. After Carpenter. 


Conifer®, a transverse section shows the wood to be made up, as 
just noticed, of disc-bearing woody tissue, though the cells which 
have been formed earliest in the year in each zone are larger 
and have thinner walls than those which have been formed at the 
end of the je&r(Jig. 181). They are also larger than those of the 
ordinary woody tissue of other trees. The pitted vessels in ordi- 
nary trees are also commonly more abundant on the inner part of 
each annual zone, the wood- cells forming a compact layer on the 
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outside {fig. 180). In such cases the limits of each zone are 
accurately defined. In those trees which have the pitted vessels 
more or less diffused throughout the woody tissue, as in the 
Lime and Maple, the zones are by no means so evident, and 
can then only be distinguished by the smaller size of the wood- 
cells on the outside of each layer, which appearance is caused 
by their diminished growth towards the end of the season. 

The distinction between the annual zones is always most 
evident in trees growing in temperate and cold climates, where 
there is a more or less lengthened winter in which no growth takes 
place, followed by rapid vegetation afterwards in the spring and 
other seasons. In the trees of tropical climates the zones are 
not so clearly defined, because there is no complete season of 
repose in such regions, although to a certain extent the dry 
season here leads to a cessation of growth, but the alternation 
of the growing season and that of rest is not so well marked 

Fn.. 181. 



F\d. 181 Horizontal section of the stem of n Fir three rears old Tnc 
figures 1 , 2, 8, refer to the annual 1 1 \ ers of wood, la, la. Cavities contain- 
ing resinous secretions ( teceptaeles oj secietion). 


as in colder climates. As alternations of growth and seasons of 
repose may thus be shown to produce the appearance of annual 
zones, we can readily understand that if a plant were submitted 
to such influences several times in a single year it would pro- 
duce a corresponding number of zones ; and this does really 
occur in some plants of temperate climates, particularly in those 
which are herbaceous, where growth is more rapid than m 
hard-wooded perennial plants, so that the influence of such 
alternations is more evident. In tropical climates the production 
of two or more zones in a year is probably even more frequent 
than in temperate regions. In other trees again, we have only 
one zone produced as the growth of several years, as in the 
Cycas ; and lastly, there are instances occurring in which no 
annual zones are formed, but the wood forms a uniform mass, 
whatever be the age of the plant, as in certain species of Cacti. 
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Such appearances as the two latter are, however, totally indepen- 
dent of climate, but are the characteristic peculiarities of certain 
plants, and even of entire natural orders. 

The annual layers of different trees vary much in thickness, 
thus they are much broader in soft woodB which grow rapidly, 
than in those which are harder and of slower growth. The in- 
fluence of different seasons again will cause even the same tree 
to vary in this respect, the zones being broader in warm seasons 
than in cold ones, and hence we find the trees as we approach the 
poles have very narrow annual zones. The influence of soil and 
other circumstances will also materially affect the thickness of 
the annual zones in the same tree. We find also that the same 
zone will vary in diameter at different parts, so that the pith, 
instead of being in the centre of the wood, is more or less eccen- 
tric, owing to the zones being thicker on one side than on the 
other. This irregular thickness of the different parts of the 
annual zones is owing to several causes, but the greater growth 
on one side is chiefly due to the fact of its being more exposed 
to light and air than the other. 

The annual zones also vary in thickness in the same tree, ac- 
cording to the age of that tree. Thus when a tree iB in full 
vigour it will form larger zones than when that period is past, 
and it begins to get old. The age in which trees are in full 
vigour varies according to the species ; thus the Oak, it is said, 
will form most timber from the age of twenty to thirty, and that 
after sixty years of age the amount formed will be much less 
considerable. Again, in the Larch, the vigour of growth appears 
to diminish after it is forty years of age ; in the Elm after fifty 
years ; in the Beech after thirty years ; in the Spruce Fir after 
forty ; and in the Yew after sixty years. 

Duramen and Alburnum . — When the annual layers are first 
formed, the walls of their component wood-cells and vessels 
are pervious to fluids, and very thin, and their cavities gorged 
with sap , which they transmit upwards from the root to the 
leaves. As they increase in age, however, their walls become 
thickened by various deposits from the contained sap, by which 
their cavities are ultimately almost obliterated, and they are 
thus rendered nearly impervious to fluids. This change is espe- 
cially evident in the wood of those trees in which the incrusting 
matters are of a coloured nature, as in the Ebony, Mahogany, 
Rosewood, and Guaiacum. Such coloured deposits are gene- 
rally most evident in tropical trees, although they also occur 
more or less in most of the trees of cold and temperate regions. 
In some of the latter, however, as the Poplar and the Willow, 
the whole of the wood is nearly colourless, and exhibits no 
difference in the appearance of the internal and external layers. 
The value of wood as timber depends chiefly upon the nature 
of this incrusting matter, and is commonly in proportion to its 
colour ; hence those woods, as Ebony, Iron- wood, and Mahogany, 
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which are deeply coloured, are far harder and more durable than 
white woods, such as the Poplar and the Willow. 

From the above characters presented by the wood according 
to its age, we distinguish in it two parts : namely, an internal 
portion, in which the wood-cells and vessels have thickened 
walls, are impervious to fluids, hard in texture, of a dry nature, 
and commonly more or less coloured, which is called the Dura- 
men or Heart-wood ; and an outer portion, in which the wood- 
cells and vessels have thin sides, are pervious to, and full of sap, 
soft in texture, and pale or colourless, to winch the name of 
Alburnum or Sap-wood is given. 

A ge of Exogenous Trees. — As each zone of wood in an Exoge- 
nous stem is produced annually, it should follow that by counting 
the number of zones in a transverse section of a tree presenting 
this structure, we ought to be able to ascertain its age, and this 
is true with a few exceptions, when such trees are natives of cold 
climates, because in these, as we have seen, the annual zones 
are usually distinctly marked. In Exogenous trees, however, of 
warm climates it is generally difficult, and frequently impossible, 
to ascertain their age in this manner, in consequence of several 
disturbing causes : thus, in the first place, the zones are by no 
means so well defined ; secondly, more than one zone- may be 
formed in a year ; thirdly, some trees, such as Zamias and the 
Cycas , only produce one zone as the growth of several- years ; 
fourthly, some plants, as certain species of Cacti , never form 
annual zones, but the wood, whatever its age, only appears as 
a uniform mass ; while lastly, in some, such as Ghiaiacum y the 
zones are not only indistinct, but very irregular in their growth. 

It is commonly stated that the age of a tree may not only be 
ascertained by counting the annual zones in a transverse section 
of the wood, but that the mere inspection of a fragment of the 
wood of a tree of which the diameter is known, will also afford 
data by which the age may be ascertained. The manner of pro- 
ceeding in such a case is as follows : — Divide half the diameter 
of the tree divested of its bark by the diameter of the fragment, 
and then having ascertained the number of zones in that frag- 
ment, multiply this number by the quotient previously obtained. 
Thus, suppose the diameter of the fragment to be two inches, 
and that of half the diameter of the wood tweuty inches ; then 
if there are eight zones in the fragment, by multiplying this 
number by ten, the quotient resulting from the division of half 
the diameter of the tree by that of the fragment, we shall get 
eighty years as the supposed age. Now, if the thickness of the 
zones was the same on both sides of the tree, and. the pith conse- 
quently central, such a result would be perfectly accurate, but it 
happens from various causes, as already noticed (page 80), that the 
zones are frequently much thicker on one side than on the other, 
and the taking therefore of a piece from either side indifferently 
would lead to very varying results. A better way to calculate 

o 
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the age of a tree by the inspection of a fragment is to make two 
notches, or remove two pieces from its two opposite sides, and then 
having ascertained the number of zones in each, take the mean of 
that number, and proceed as in the former case. Thus, suppose 
two inches', as before, removed from the two opposite sides of a 
tree, and that in one we have eight zones, and in the other twelve, 
we have ten zones as the mean of the two. If we now divide, as 
before, half the diameter, twenty inches, by two, and multiply 
the quotient ten which results, by ten, the mean of the number 
of zones in the two notches, we get one hundred years as the 
age of the plant under consideration. Such a rule in many 
cases will no doubt furnish a. result tolerably correct, but even 
this will frequently lead to error, from the varying thickness of 
the annual zones produced by a tree at different periods of its age. 

Dr. Lindley believed that DeCandolle and others, in calculat- 
ing the ages of different trees, had been led into error by not 
sufficiently taking into account the variations in the growth of 
the annual zones at different periods of their age, and their 
varying thickness on the two sides ; and, when ’we consider 
that some trees were estimated by # DeCandolle to be more 
than 5000 years of age, we cannot but believe that such cal- 
culations give an exaggerated result. But however erroneous 
they may have been, still there can be no doubt but that Exoge- 
nous trees do live to a great age ; in fact, when we consider that 
the new zones of wood are developed from the cambium cells 
which are placed on the outside of the previous zones, and that 
it is in these new layers that all the active functions of the plant 
are carried on, there can be, under ordinary circumstances, no 
real limit to their age. Mohl believes that there is a limit to 
the age of all trees, arising from the increasing difficulty of con- 
veying the proper amount of nourishment to the growing point, 
as the stem elongates from year to year. We cannot however 
attach much importance to this opinion, because some trees, as 
the Sequoia ( Wellingtonia) gigantea, exist in California as much 
as 450 feet in height, and species of Eucalyptus may also be 
found in Australia which have reached nearly or quite the 
same height. 

The following table is given by Lindley of the age of some 
trees, all of which, he states, can be proved historically : — 


An Ivy near Montpellier 
Lime trees near Freiburg 
,, ,, Neustadt 

Larch .... 
Cedars, on Mount Lebanon 
Oaks .... 


. 433 years. 

. 1230 
. 800 
. 570 
6—800 
at least 1000 


There can be no doubt, therefore, but that such trees will 
live beyond the above periods. Other trees, such a* the 
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Sequoia, Yew, and Olive, may be added to the above list ; thus, 
it is probable that the former will live at least 3000 years ; and 
it seems certain that the Yew will attain the age of 1200 years, 
and the Olive at least 800 years. 

Size of Exogenous Trees . — As there is no assignable limit to the 
age of exogenous trees in consequence of their mode of growth, so 
in like manner the same circumstance leads, in many cases, to 
their attaining a great size. Thus the Sequoia gigantea has been 
measured 116 feet in circumference at the base ; the Chestnut 
tree ( Castanea vesca) of Mount Etna is 180 feet in circumference ; 
a Plane tree ( Platanus orientals) near Constantinople is 150 feet 
in circumference ; the Ceiba tree (Bombax pentandrum) is said 
to be sometimes so large that it takes fifteen men with their 
arms extended to embrace it ; even Oaks in this country have 
been known to measure more than 50 feet in circumference ; and 
many other remarkable examples might be given of exogenous 
trees attaining to an enormous size, which circumstance is of 
itself also an evidence of their great age. 

4. Cambium-lager or Cambium (figs. 178, c, and 180, A, B, e). 
— On the outside of each annual zone of wood, as w'e have already 
seen, a layer of vitally active cells is placed, to which the name 
of cambium-lager or cambium has been given. It is from these 
cambium cells that the new layers of wood and bark are formed, 
and from the fact of the cambium-layer being situated between 
the xylem and the phloem of the indefinite vascular bundles of 
which Exogenous stems are composed, that these bundles owe 
their continuity and unlimited power of increase. The cells com- 
posing the cambium-layer are of a very delicate nature, and consist 
of a thin wall of cellulose, containing a nucleus, abundance of pro- 
toplasm and watery cell-sap ; in fact they contain all the sub- 
stances which are present in young growing cells. These cells, 
from their becoming changed into the matured woody tissues 
and bark, were called cambium-cells, hence the origin of the 
names cambium and cambium-lager applied to this portion of 
the stem. This layer is dormant during the winter, at which 
time the bark is firmly attached to the wood beneath, but it is in 
full activity in the spring, when it becomes charged with the 
materials necessary for the development of new structures, and 
then the bark may be readily separated from the wood beneath, 
but such separation can only be effected by the rupture of the 
cells of which it is composed. 

6. Medullary Mags . — We have already seen that at first the 
stem consists entirely of parenchyma, but that in a short time 
woody portions are developed, by which this parenchyma be- 
comes separated into two regions — an internal or pith, and an 
external or bark ; the separation however not being complete, 
but the two being connected by tissue of the same nature as 
themselves, to which the name of medullary rays has been ap- 
plied (figs. 172, b } and 177, r). 



84 


EXOGENOUS STEM. — MEDULLARY RATS. 


The cells forming these medullary rays are in their origin 
identical with those of the pith, being part of the fundamental 
tissue of the stem (page 76) ; but, unlike the cells of the pith, 
which remain of a more or less rounded form, they are flattened 
{figs. SI, and 180, B, i, i), owing to the pressure which the 
neighbouring wedges of the fibro-vascular bundles have ex- 
erted upon them. As new layers of wood are formed in suc- 
cessive years, new additions are made to the ends of the me- 
dullary rays, so that, however large the space between the 
pith and the bark ultimately becomes, the two are always kept 
in connection by their means. Besides the medullary rays 
which thus extend throughout the entire thickness of the wood, 
others are also commonly developed between them in each suc- 
ceeding year, which extend from the zones of those years re- 



Fig. 182. Transverse section of a portion of the stem of the Cork- oak 
(Quercus Subcr), four years old. m. Pith. 1. Medullary ray of the first 
year’s growth. 2, 3, 4. Medullary rays of successive years, pc. Liber and 
mesophloem. s. Corky layers. Ftg. 184. Surface of the stem of a Di- 
cotyledonous tree from which the bark has been removed. Fig. 184. 

Vertical section of a branch of the common Maple, perpendicular to the 
medullary rays. Fibro-vascular tissue forming the wood, rm, rm. 

Medullary rays. 


Bpectively to the bark ; these are called secondary medullary rays. 
In the Cork-oak both kinds may be well seen in a transverse 
section {fig. 182, 1, 2, 3, 4). 

The medullary rays are composed of flattened six-sided cells, 
which are placed one above the other in one or more rows, like 
the bricks in a wall, hence the tissue which they form is termed 
muriform parenchyma {fig. 18U, B, i, i ; and fig. 91). It is a 
variety of tabular parenchyma, as already noticed (page 45). The 
tissue formed by the medullary rays is rarely continuous from 
one end of the stem to the other, but the rays are generally more 
or less interrupted by the passage between them of the fibro- 
vascular tissue forming the wood, so that they are split up verti- 
cally into a number of distinct portions {figs. 183 and 184, rm). 

* This arrangement may be observed by examining the surface of a 
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stem from which the bark has been removed (fig. 183), or still 
better by making thin sections of the wood perpendicular to the 
rays, — that is tangential to the circumference of the stem (fig. 184). 
In some stems, such as those of the species of Aristolochia , arid 
many plants of the natural order Menispermaceee, themedullary 
rays are very conspicuous, forming large plates between the 
wedges of wood. In other plants, such as the Yew and Birch, 
they are comparatively small. The medullary rays constitute 
the silver grain of cabinet-makers and carpenters, as it is to their 
presence that many woods, such as the Plane and Sycamore, 
owe their peculiar lustre. 

0. The, Bark or Cortical System . — The bark or phloem is situ- 
ated on the outside of the stem, surrounding the wood, to 
which it is organically connected by means of the medullary 
rays and cambium-layer (fig. 172, c, c). When the stem is 
hrst formed the bark is entirely composed, like the pith, of 
parenchyma or fundamental tissue (page 76), but as soon as the 
wood begins to be developed on the outside of the pith, certain 
cells which lie nearer the surface of the stem make their appear- 
ance, which develope into liber-cells. Externally to these lie 
other parenchymatous cells, the inner ones of which form the 
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green layer of the bark, whilst the outer cells become developed 
into the cork tissue, and these again are invested by a single 
layer of colourless cells, the epidermis, so that the bark, when 
fully formed, consists of two distinct systems ; namely, an 
internal or fihro-vascular , and 

an external or parenchyma - Fio. 18 . >. 

tons. Further, the parenchy- ^ - 

matous system also exhibits, * 

in all plants which are des- 
tined to live for any period, a 
separation into two portions ; 
and the whole is covered ex- 
ternally by the epidermis al- 
ready described (fig. 185, a). 

The fully developed bark ac- 
cordingly presents three dis- 
tinct layers, in addition to the 
epidermis, which is common 
to it and the other external a . 
parts of plants. The three 
layers proper to the bark 
are called, proceeding from 
within outwards, 1. Liber , Fig. 185. Transverse section of a portion of 
I>™ r Bari or Erulophlueni 
(figs. 185, a, and 180, A, B, d. Endophioem. 

/, /) ; 2. Cellular Envelope , 

Green Layer , or Mesophloem (figs. 185, c, and 180, </, g) ; and 
3. SuberouSy Corky Layer , or Epiphlob'm (figs. 185, b } and 180, h , h). 


the bark of an Exogenous stem. a. Epi- 
dermis. 6. Epiphloem. c. Mesophloem. 
d. Endophioem. 
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a. The Liber, Inner Bark , or Endophloem (Jigs. 185, d, and 
180, A, B ,/, /). — This is composed of true bast tissue, consisting 
of narrow and elongated cells with thickened and flexible walls, 
mixed with parenchymatous tissue, and usually laticiferous vessels 
and sieve-tubes. The general character and nature of the true 
bast, or as it is commonly called, woody tissue of the liber, has 
been already fully described (page 47). The liber-cells of which it 
is essentially composed are either placed side by side in a parallel 
direction, and thus form by their union a continuous layer, as in 
the Horsechestnut tree ; or far more frequently, they present a 
wavy outline, and only touch each other at certain points, so that 
numerous interspaces are left between their sides, in which the 
medullary rays connecting the bark and the pith may be observed. 
From this circumstance the inner bark commonly presents a 
netted appearance, and such is especially the case in that of the 
Lace-bark tree (Layetta lint can a) of Jamaica, and of other 
plants belonging to the same natural order. 

b. The Cellular Envelope , Green Layer , or Mesophloem (Jigs. 
185, c, and 180, y, g ). — This layer lies between the liber and 
epipidocm, and hence the name Mesophloem , which is applied to 
it. It is connected on its inner surface with the medullary 
rays. Jt consists of thin-sided, usually angular or prismatic, 
parenchymatous cells (Jig. 185, c) ; these are loosely connected, 
and thus leave between their walls a number of interspaces. 
The cells of which it is composed contain an abundance of 
chlorophyll, which gives the green colour to young bark, and 
hence the name of green lager , by which it is also commonly dis- 
tinguished. It is also sometimes known under the name of phello- 
derma . This is the only part of the bark which usually possesses 
a green colour. In this layer also, as in the liber, we generally 
And some laticiferous vessels. 

c. & hibenms, Corky Layer , or Epi phloem (Jigs. 185, 6, and 
180, h , h). — This is the outer layer of the bark, and is invested 
by the epidermis (Jig. 185, a). It has also received the name of 
periderm ; this term is, however, sometimes used to indicate the 
dead portion of the bark, or that which has ceased to perform 
any active part in the life of the plant ; which is commonly the 
case, as we shall presently see, in a few years with the two outer 
layers (see page 88). In this sense the periderm may consist 
of epiphloem alone, or of mesophloem chiefly, or of portions 
of both, or even in some cases of a portion of the liber also. 
Those botanists who adopt this nomenclature commonly apply 
the term derm to the inner living portion of the bark. 

The Epiphloem consists of one or more layers of tabular 
cells (Jig. 185, b), generally elongated more or less in a hori- 
zontal direction, and which in most cases ultimately become dried 
up and filled with air, and forming by their union a compact 
tissue, or one without interspaces. It is this layer which gives to 
the young bark of trees and shrubs their peculiar hues, which 
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are generally brownish or some colour approaching to this ; or 
sometimes it possesses more vivid tints. It is rarely coloured 
green, which is the case in Negundo , according to Gray, from 
its inner cells containing chlorophyll. In some plants, as in 
the Cork-oak (Jig. 182, s), this layer becomes excessively deve- 
loped and forms the substance called cork , and hence the name 
corky or suberous layer which is frequently applied to it. Large 
developments of cork also occur on some other trees, as various 
species of Elm ( Ulmus alata , racemosa , &c. ). It commonly hap- 
pens that the cells of which the epiphloem is composed have not 
all the same appearance and colour. Thus in the Cork-oak 
some are more tabular or compressed and darker-coloured than 
others which alternate with them, so that the whole suberous 


Fio. 186. Fig. 187. 



Fig. 186. Transverse •section of a portion of Birch bark. After Gray, a, o. 
Compact tabular cells, b , b. Lajers of loose thin-walled cells alternating 

with the former. Fig. 187. Branch of a species of Willow. I, l. Lenti- 

cels. c, c. Bads. 

layer appears to be subdivided into several secondary layers. In 
the Birch, again, this distinction into layers is remarkably 
evident (Jig. 180). Here a number of layers of dark-coloured 
firmly compacted tabular cells, a, a, may be seen alternating with 
others of a loose nature and of a white colour, b , b. 

On the young bark of most plants may be observed little 
brown, generally oval projections, which have been called 
lenticels , or lenticular glands from their supposed glandular 
nature (Jig . 187, l , i). They have, however, no analogy with 
glands, but are merely prolongations externally of the corky 
layer or epiphloem of the bark. 

Growth of the Bark. — The bark developes in an opposite 
direction to that of the wood, foe while the latter increases by 
additions to its outer surface, the former increases by additions 



88 


EXOGENOUS STEM. — GROWTH OF THE BARK. 


to its inner. The bark is therefore strictly endogenous in its 
growth ; while the wood is exogenous. Each layer of the bark 
also grows separately ; thus the liber by the addition of new 
matter from the cambium-layer on its inside ; the mesophloem by 
the deposition of cells next to the liber ; and the epiphloem by 
internal additions from a special set of cells termed the cork 
cambium or phellogen. The two outer layers, which together 
constitute the parenchymatous system of the bark, generally 
cease growing after a few years, and become dead structures on 
the surface of the tree ; but the inner bark continues to grow 
throughout the life of the individual, by the addition of a new 
layer annually on its inner surface from the cambium. In some 
trees these layers may be readily observed, at least up to a cer- 
tain period, as in the oak. They are commonly so thin when 
separated that they appear like the leaves of a book, and hence 
the supposed origin of the term liber applied to the inner bark. 
The name liber is, however, sometimes considered to be derived 
from the inner bark of trees having been formerly used for writ- 
ing upon. This distinction of the liber into layers is generally 
soon lost, in consequence of the pressure to which it is subjected 
from the growth of the wood beneath. 

The outer layers of the bark, after a certain period in their 
life, which varies in different plants, generallj' become cracked 
in various directions in consequence of the pressure which 
is exerted upon them by the growth of the wood and liber 
beneath, and thus assume a rugged appearance, as in the Elm 
and Cork-oak. In some trees, as the Beech, the bark, however, 
always retains its smoothness, which circumstance arises, partly 
from the small development of the parenchymatous layers, and 
partly from their great distensibility. Other smooth-barked 
stems, such as those of the Holly and Ivy, owe their peculi- 
arities in this respect to similar causes. When the bark has 
thus become cracked and rugged, it is commonly thrown off in 
large pieces, or in plates or layers of various sizes and 
appearances. The epidermis in all cases separates early from 
the epiphloem, by which it is replaced. By this exfoliation 
and peeling off of portions of the bark, its thickness is con- 
tinually diminished. This decaying and falling away of the 
old bark does not in any way injure the tree ; hence, it is 
evident that the old layers of the bark, like the inner layers 
of the wood, have nothing to do with its life and growth after a 
certain period. The new layers of wood, the cambium- layer, 
and the recently formed liber, are the parts of an exogenous 
stem which are alone concerned in its active development and 
life. 

Having now described the different parts which enter into 
the structure of an Exogenous or Dicotyledonous stem, we will, 
in conclusion, recapitulate them, and place them in a tabular 
form : — > 
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1 . 

2 . 

3. 


Pith or Medulla , belonging to the parenchymatous system. 

Medullary Sheath , consisting of spiral > 
vessels. 


Wood , composed of interrupted zones, 
one of which is developed annually 
on the outside of the previous zones, 
and consisting ordinarily in perennial 
plants of wood-cells and pitted vessels. 


These belong to the 
fibro- vascular sys- 
tem, and together 
form the wood 
(xylem) properly 
so called. 


4. Medullary Rays , composed of muriform parenchyma con- 
necting the pith and the bark. 


5. Cambium -layer, consisting of vitally active cells containing 
protoplasm, &c. from which additions are made annually to 
the wood and liber. 


0. The Bark , composed of two systems. 

1. Inner Bark , Endophloem , or Liber , formed essentially of 

liber-cells, and thus belonging to the tibro- vascular sys- 
tem ; and increasing by the annual addition of a new 
layer on its inner surface. 

2. Outer Bark , composed of parenchyma, and hence belong- 

ing to the parenchymatous system, and consisting of 

a. Cellular Envelope or Mesophloem , composed of more or 

less angular cells, with interspaces ; and giving the 
green colour to bark. 

b, Suberous Layer or Epiphloem , composed of flattened 

cells, forming a compact tissue, and giving the peculiar 
hues to the young bark. 

7. The Epidermis , investing the bark of young stems and replaced 
after a certain age by the epiphloem. 


B. Endogenous or Monocotyledonous Stem. — In this coun- 
try we have no indigenous trees or large shrubs which exhibit 
this mode of growth, although we have numerous herbaceous 
plants, such as Grasses, Rushes, and Sedges, which are illustra- 
tions of endogenous structure. In our gardens again, we have 
various kinds of Lilies, Yuccas, Tulips, and other bulbous plants, 
which are also endogenous in their growth. But it is in the warmer 
regions of the globe, and especially in the tropics, where we find 
the most striking and characteristic illustrations of such stems, 
and of all such the Palms are by far the most remarkable. The 
appearance of such plants, even externally, is very different 
from that of Exogenous trees, for the stems of Palms are com- 
monly of the same diameter throughout, being uniformly cylin- 
drical from below upwards, instead of conical, as is the case with 
them, and frequently rise to the height of 150 feet or more, com* 
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monly without branching, but crowned at the summit by an 
enormous tuft of leaves ( jig. 188, 1). 

Internal Structure . — When we make a transverse section of a 
Palm stem, it presents, as we have seen (page 71), no such sepa- 
ration of parts into pith, wood, medullary rays, and bark, as we 
have described as existing in an Exogenous stem ; but the fibro- 
vascular system is seen to consist of bundles (figs. 173, /, and 
189, A, b , c, d), which have no tendency to collect together so 


Fk,. 188. 



Fig. 188. 1. Unbranched stem of the Cocoa-nut Palm (Cocos nucifei ct). 2. 
Branched stem of Pandunus odorcdisstmus. Ihe figureb are placed at the 
base to indicate the height. 

as to form zones of wood as in Exogenous stems, but are arranged 
separately from one another in the mass of parenchymatous cells 
(figs. 173, m, and 189, A, a), of which the ground substance or 
fundamental tissue is composed. The whole is covered externally 
by a fibrous and parenchymatous layer, which is called the false 
bark or rind (fig. 173, 6); because this is not a distinct and paral- 
lel formation to the wood, as is the case with the bark of Exo- 
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genous steins, but is formed essentially by the ends of the 
vascular bundles, as will be presently noticed, and cannot there- 
fore be separated from the mass beneath. 

In annual or herbaceous Endogenous stems the parenchyma 
between the vascular bundles is soft and delicate, but in trees 
which grow to any height, as Palms, the cell- walls become 
hardened, and thus form what has been termed woody paren- 
chyma, which ultimately binds the original separate bundles into 
a solid hardened mass resembling wood. 

Fiu. 189. 




Fu/. 189. Diagram of a Monocotyledonous stem. A. Transverse section. 

B. Vertical section, a, a. Parenchymatous tissue. b, 6. Pitted vetsels. 
c. Wood-cells. d, d . Spiral vessels. After Carpenter. 

Origin and Growth of the Vascular Bundles. — The structure 
of the vascular bundles thus distributed in the parenchymatous 
system has been already referred to under the name of definite 
or closed vascular bundles (page 73) ; but we have still to 
describe their origin and direction through the stem. It was 
formerly supposed that these bundles, as they were successively 
developed, were at first directed towards the centre of the stem, 
and continued their course in the same direction towards its 
base as seen in Jig. 190, a, h, c, d ; the last-formed bundles 
being the most internal, and gradually pushing towards the cir- 
cumference those which had previously been developed. Hence 
the origin of the name endogenous or inside growers , applied to 
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these stems. The researches of Mohl first showed that the 


Fig. 190. Fig. 191. 



Fig. 192 . 



above mode of growth 
was not correct, but that 
the following is that 
which really takes place : 
— the vascular bundles 
have their origin in the 
punctum vegetationis of 
the stem, and are fully 
developed with its growth 
upwards and outwards 
into the leaves, and 
downwards and outwards 
towards the circumfe- 
rence of the stem. In 
other words, to render 
it more Bimple, the bun- 
dles may be traced to the 
leaves, from which or- 
gans they are at first di- 
rected towards the in- 


Figs. 190 anrl 191. Diagrams showing the course 
of the vascular bundles of a Monocotyledonous 
stem. a. 6, c, d. Vascular bundles. Fig. 190 
exhibits the course of the bundles as formerly 
supposed. Ftg. 191. According to Mold’s s>s- 

tem, as now proved to be correct. Fig. 192. 

Vertical section of the stem of a Palm, showing 
(fv) the vascular bundles intersecting each 
other as they pass downwards. 

some of them would reach the roots. 


terior of the stem (Jig. 
191, a, 6, c," d) y along 
which they descend gene- 
rally for some distance, 
and then gradually curve 
outwards again and ter- 
minate at the circumfe- 
rence, or in young stems 
When we make a ver- 


tical section therefore of an Endogenous stem, we find these vas- 
cular bundles intersecting each other in various ways as shown 
in fig. 192. 

The vascular bundles in their course down the stem generally 
become more attenuated, which circumstance arises from certain 
differences which take place in their structure as they descend. 
Thus when they first originate they consist, as we have seen (see 
p. 73). of spiral, pitted, and other vessels, mixed with paren- 
chymatous and woody tissues (Jig. 189, B, b , c, d). In their 
descent they gradually lose their spiral and other vessels, so that 
when they terminate at the circumference they consist chiefly of 
liber-cells bound together by parenchyma. The rind or false bark 
(Jig. 173, b) of Endogenous stems is thus chiefly formed of the 
ends of the vascular bundles which originate in the leaves, and 
hence we see the principal reason why this rind cannot be sepa- 
rated, as the bark of Exogenous stems, from the tissues beneath. 

It follows from the mode of growth of the vascular bun- 
dles, as indicated above, that the term endogenous , commonly 
applied to such stems, is not altogether correct, as the bundles 
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are only endogenous for a portion of their course, terminating 
as they do ultimately at the circumference. On this account the 
name endogenous has been altogether discarded of late years by 
many botanists, who use instead that of monocotyledonous , a 
term, as already noticed (page 74), derived from the fact that 
the embryo of plants which possess such stems has but one 
cotyledon. In this volume we have employed both terms, but 
more frequently that of endogenous, because this is the one by 
which such stems have been known for a long period, and is that 
therefore which is best understood. 

As the vascular bundles of an endogenous Btem, in the course 
of their successive development, are always directed at first 
towards the centre, it must necessarily follow that those pre- 
viously formed will be gradually pushed outwards, for which 
reason the outer part of a transverse section will always exhibit 
a closer aggregation of bundles than the inside (figs. 173, /, and 
189, A, b , c, d). In such stems, therefore, the hardest part is on 
the outside, and the softest inside, directly the reverse of what 
occurs in those of exogenous growth. The lower portion of 
such stems also, in consequence of the descent of the vascular 
bundles, the elements of which become, moreover, more or less 
thickened in their interior, will be harder than the upper. The 
rind in like manner, at the lower part, will become harder, 
from the greater number of liber-cells which terminate in it. As 
endogenous stems increase in diameter, partly by the deposit of 
vascular bundles in their interior, and partly by the general 
development of the parenchymatous tissue in which they are 
placed, it follows that as soon as the rind has become thus 
hardened by the liber-cells, and other causes, it is not capable of 
further distension, and the stem will consequently become at 
length choked up by the bundles which continue to descend, 
and further growth is then impossible. It is evident, there- 
fore, that endogenous stems, unlike those of exogenous growth, 
cannot increase in diameter beyond a certain limit, and that 
from the same causes also they cannot live beyond a certain age. 

Although, as a general rule, the stems of Palms and most 
other Monocotyledonous plants are thus limited in size and life, 
there are some remarkable exceptions to this, as for instance in 
Yuccas , and the Draccenas or Dragon-trees (fig. 193) ; in these 
the rind is always soft and capable of distension, and the vascu- 
lar bundles, after having reached it, are continued downwards 
as fibrous layers between it and the original vascular bundles, 
and thus form a sort of wood beneath, in successive layers, 
somewhat after the manner that layers of wood are produced by 
the cambium -layer of an exogenous stem. Such endogenous 
stems, like those of exogenous growth, have necessarily no limit 
either to their size or age. 

It is in consequence of the comparatively small increase in 
diameter which most endogenous stems undergo after they have 
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arrived at a certain age, that twining plants which encircle them 
after that period has arrived do them no injury, frequently 
not even producing the slightest swelling on their surface ; 
thus proving incontestably that such stems do not increase in 
diameter after a certain age. The effect of such climbers is 
well Been in fig. 195. If we compare this figure with that of an 
exogenous stem (fig. 194), with a woody twining plant encircling 
it, we find a striking difference ; for here we observe extensive 
swellings produced, which exhibit a corresponding increase of 
the diameter of the stem. Such a comparison shows, in a very 
striking and conclusive manner, the characteristic peculiarities of 
the growth of exogenous and endogenous stems. 


Fk,. 193. Fig. 194. Fig. 193. 



Fig. liM. The Dragon Tiee of 4 enenffe ( Dracana Draco), now destrojed. 

Fug. 194. Dicotyledonous stem, with a woody twining plant mound it. 

Fig. 196. Monocot} ledonous stem, encircled by a woody twmei. 


Growth, by Terminal Buds . — In Palms, as we have seen (fig. 
188, 1), and commonly in other Monocotyledonous plants, there 
are no branches, the stems of such plants having no power of 
forming lateral buds, from which branches can alone be pro* 
duced. These plants therefore grow simply by the develop- 
ment of a terminal bud, which when it unfolds crowns the sum- 
mit with a tuft of foliage. Endogenous stems are therefore in 
this respect exposed throughout their whole length to, as far as 
possible, the same influences as regards their increase in dia- 
meter, and we find accordingly, that as a rule, such stems are 
almost uniformily cylindrical from below upwards, being of the 
same diameter throughout (fig. 188, 1). In such plants, there- 
fore, the destruction of the terminal bud necessarily leads to 



ANOMALOUS STRUCTURE OF ENDOGENOUS STEMS. 95 


their death, as they are then deprived of all further mode of 
increase. In some Endogenous trees, however, more than one 
bud is developed ; thus in the Doum Palm of Egypt two buds 
are formed, so that the stem is forked above (fig. 196) ; each 
branch again developes two other buds at its apex in like manner, 
and t^is mode of growth is continued with the successive branches, 
which are therefore also forked. In other Monocotyledonous 
plants we have lateral buds formed as in those of Dicoty- 
ledons ; thus this is the case in the Asparagus, the Screw Pine 
(fig. 188, 2), and the Dracaenas (fig. 193) ; and as the lower part 
of such stems receives more vascular bundles than the upper 
they are necessarily larger in their diameter at that part, and 
thus these stems are conical or taper upwards like those of 
Dicotyledonous plants. 


Fio. 196. 



Fuj. 196. The Doum Palm ol Egypt (Hi/phcene thebaica), showing forked 
stem and branches. 

Anomalous Structure of Endogenous or Monocot yledonous 
Stems . — Some Monocotyledonous stems present an anomalous 
structure ; thus in most Grasses the stem is hollow (fig. 197, a), 
except at the points, b (nodes) y where the leaves arise, at which 
parts solid partitions are formed across the cavity, by which it is 
divided into a number of separate portions. Such stems when 
examined at their fir t development present the usual Endogenous 
structure, but in consequence of their growth in diameter taking 
place more rapidly than new matter can be deposited in their 
interior, the central tissue becomes ruptured, and they soon 
become hollow. 

In the stems of some other Monocotyledonous plants we have 
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a more striking deviation from the ordinary structure. Thus 
the species of Sarsaparilla and some allied plants have aerial 
stems which are strictly endogenous in structure, and under- 
ground stems which have the vascular bundles arranged in one 
(fig. 198, <?) or rarely two zones around a central parenchyma, 
/, like the wood about the pith of an Exogenous stem ; such 
vascular bundles have, however, no cambium-layer like those 
which form the zones of an Exogenous stem, and have conse- 
quently no power of indefinite increase like them. 

Age of Endogenous or Monocat yhdonom Trees . — There is 
nothing in the internal structure of Endogenous stems by which 
we can ascertain the age of Monocotyledonous trees as we can 
those of Exogenous structure. It is supposed that the age of a Palm 
tree is indicated by the annular scars (fig. 188, 1) which are pro- 
duced on the external surface of its stem by the fall of the terminal 


Fig. 107. Fig. 108. 



JF 1 / 7 . 197. Tmn^verso section of the Ftem of the common Reed. a. Cavity 
closed at the bottom b\ a pirtition f >. Hinp indicating the joint (node) 

where the leaf waa attached Fur. 19H Section of the underground 

stem of a species of Sarsaparilla, a Epidermal tissue, b, c % d. The 
cortical portion, t. Wood} zone. /. Medulla or pith. 


tufts of leaves, for as one tuft only is commonly produced an- 
nually, each ring marks a year’s growth, and hence the number 
of scars corresponds to the number of years the tree has lived. 
Although it is true that in some few cases such a rule may 
enable us to ascertain the age of a Palm, and probably also 
of some other Monocotyledonous trees, not the slightest de- 
pendence can be placed upon it in any particular instance, 
for there are frequently several rings produced on the stems of 
Monocotyledonous plants in one year, and these again often 
disappear after having existed for a certain period. The 
best means of ascertaining the age of Palms is by noting their 
increase in height in any one year’s growth, and then, as such 
stems grow almost uniformly in successive years, by knowing 
their height we can determine their age. This mode, however, 
of calculating their age is very liable to error, and can be moreover 
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blit of limited application from the absence of data to work upon ; 
hence we must come to the conclusion that at present we possess 
no certain means of determining the age of Monocotyleaonous 
plants. 

C . Acrogenous or Acotyledonous Stem.— The simplest 
form of stem presented by Acotyledonous plants is that of 
Liverworts (fig*. 6 and 7), and Mosses (figs. 8 and 9). In such 
a stem we have no vessels, but the whole is composed of ordi- 
nary parenchyma, with occasionally a central cord of slightly 
elongated cells with somewhat thickened walls. In the stems 
of Club-mosses (Lyeo})odiuceie) (fig. 10), Pepperworts (Marxi- 
leacese ), and Horse-tails (Equisetacea) (fig. 11), we have the 
simplest forms of Acrogenous stems which contain the peculiar 
vascular bundles (simultaneous), which are their especial charac- 
teristics. The composition of these vascular bundles and their 
mode of growth have been already described (see page 73). The 
vessels found in the vascular bundles of the Lycopodiaeere are 
spiral , and in those of the Equisetacese annular. All Acotyle- 
donous stems grow by additions to their apex, and hence the 
term Acrogenous or summit growers, which is applied to them. 

In the Ferns (Filiccs) we have the Acrogenous stem in the 
highest state of development. The Ferns of this country are but 
insignificant specimens of such plants, for in them the stem 
merely runs along the surface of the ground, or burrow s beneath 
it, sending up its leaves, or fronds as they are commonly called, 
into the air, w r hich die down yearly (fig. 12). In warm regions, 
and more especially in the tropics, w r e find such plants much more 
highly developed. Here the stem, which is usually called the 
caudejc or stipe, rises into the air to the height of sometimes as 
much as forty feet (fig. 13), and Wars on its summit a tuft of 
fronds. In their general appearance externally these Tree-ferns 
have great resemblance to Monocotyledonous trees, not only in 
bearing their foliage like them at the summit, but also m pro- 
ducing no lateral branches, and being of uniform diameter from 
near their base to their apex. The outside of the stem of a 
Fern is marked wuth a number of mw.s, which have a more or 
less rhomboid&l outline (fig. 199). The surface of these scars 
presents little hardened projections, r, or darker-coloured spots, 
which appearance is produced by the rupture of the vascular 
bundles proceeding to the leaves, by the fall of which organs 
the scars are produced. 

Internal Structure of Fern Stems . — Upon making a transverse 
section of a Tree-fern it presents, as we have already briefly 
noticed (seepage 71), tne following parts : — On the outside a hard 
rind (fig. 174, v), composed of dark-coloured w^ood -cells covered 
externally by parenchyma. Within this we find a mass of paren- 
chyma, m, the cells of w hich have thin walls ; this is analogous to 
the pith of Exogenous stems. In old stems this central paren- 
chyma is destroyed, so that the stem becomes hollow. Towards 

H 
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the outside of this parenchyma, and just within the rind, we find 
the scHcailed wood *, this consists of simultaneous vascular bundles 
arranged in tlie form of plates, which, when cut, have a wavy 
outline, t?, v , v. These masses of wood have generally openings 
between them, by means of which the i>arenchyma beneath the 
rind and that of the centre of the stem communicate ; but in 
other cases these woody masses or plates touch each other at their 
margins, and thus form a continuous circle within the rind. 
These masses, as already noticed, consist of simultaneous vas- 
cular bundles, the vessels of which are chiefly Rcalariform in 
their character ; these are situated in the centre of the bundles, 
where they may be readily distinguished by their pale colour 
(Jig. 174, r, r, v). External to them are usually a few layers of 
parenchymatous cells, which contain starch in the winter, and 
amongst which are situate some wide lattice-cells. The whole 
is surrounded l>y a single layer of cells, usually more or less 


Fn;. m. Fio. 2<>0. 



Fvj. lf»P. Rhizome <•/ Male Fern (Lattrm Fihr-ma*), market! externally 1>y 

rhomboidal scars, which present dark -colour'd projection*, c. Ftg. 200. 

Vertical section of the forked stem of a Tree-fern. 

lignified and dark-coloured, and forming what has been called 
the bnndle-iiheath . 

Orovih by Terminal Buds. — We have already stated that 
Tree-ferns have no branches. This al>senee of branches arises 
from their having, like Palms, no provision for lateral buds : 
hence the cylindrical form of stem which is common to them as 
with the stems generally of Monocotvledonous plants. For the 
same reason, also, they are rarely of great diameter. Some 
Ferns, however, become forked at their apex (Jig. 200) ; which 
forking is produced by the division of the terminal bud into 
two, from each of which a branch is formed (see page 103). But 
Buch branches are very different from those of exogenous stems, 
which are produced from lateral buds, for, as they arise simply 
from the splitting of one hud into two, the diameter of the two 
branches combined is only equal to that of the trunk, and in all 
cases where the stems of Acotyledonous plants branch, the dia- 
meter of the branches combined io only equal to that of the axis 
from whence they are derived. As Acotyledonous stems only 
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grow by the development of a terminal bud, the destruction of 
that bud necessarily leads to their death. There is nothing in 
the internal structure or external appearance of such stems by 
which we can ascertain their age. 

2. Buds AM) Ramification. — We have already stated (page 
70) that the presence of leaves and leaf-buds is the essential char- 
acteristic by which a stem may be distinguished from a root. The 
leaves will be treated of hereafter, but we have now to allude to 
the parts of the stem from whence they arise, and to describe the 
nature of leaf-buds, and the mode in which branches are formed. 

Leaves are always developed at regular points upon the sur- 
face of the stem, which are called nodes {jig. 204, c , c, c), and 
the intervals between them are termed inter nodes, d , d . Generally 
the arrangement of the tissue of the stem at the nodes is some- 
what different to that in the internodes ; thus at a node it ex- 
hibits a more or less contracted or interrupted appearance, which 
arises from a portion of its substance being given off to enter 
into the structure of the leaf. This appearance is most evident 
in those cases where the internodes are clearly developed, and 
especially if under such circumstances the leaf or leaves which 
arise encircle the stem, as in the Bamboo and other Grasses ; in 
such plants each leaf causes the formation of a hardened ring 
externally (Jig. 107, b) t and thus produces the appearance of a 
joint or articulation, and indeed, in some cases, the stem does 
readily separate into distinct portions at these joints, as in the 
common Fink, in which case it is said to be jointed or articulated . 

A. Leaf Buds or Buds. — Under ordinary circumstances we 
have developed in the axil of every leaf a little more or less coni- 
cal body called a leaf- bud, or simply a bud ( 201, a, a). In 

like manner, the apex of a stem, as well as of all its divisions which 
are capable of further elongation, is also terminated by a similar 
bud (Jig. 203). In a Dicotyledonous plant each bud, whether 
lateral or terminal, is produced by an elongation of the parenchy- 
matous system of the stem or one of its divisions, and consists 
at first of a minute conical central parenchymatous mass (Jig. 
202, t), which is connected with the pith, a ; around this spiral 
and other vessels and wood-cells are soon developed, also in 
connection with similar parts of the wood, b, b ; and on the outside 
of these, in a parenchymatous mass which ultimately becomes 
the bark, we have little conical cellular projections developed, 
which are the rudimentary leaves. As growth proceeds these 
parts become more evident, and a little more or less conical body 
is ultimately produced at the apex of the stem or branch (Jig. 
203) ; or laterally in the axil of the leaves, c, and the formation of 
the bud is completed. In like manner the buds of Monoooty- 
ledonous and Acotyledonous plants are connected with both the 
parenchymatous and tibro- vascular systems of their stems. 

The buds of temperate and cold climates, which remain dor- 
pant during the winter, and which are accordingly exposed to 
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all its rigours, have generally certain protective organs developed 
on their outer surface in the form of modified leaves, or parts of 
leaves, which are commonly called scales. These are usually of 
a hardened texture, and are sometimes covered with a resinous 
secretion, as in the Horeechestnut and several species of Poplars ; 
or with a dense coating of soft hairs or down, as in some Willows. 
Such scales, therefore, by interposing between the tender rudi- 
Fio. 201. Fio. *202. 



Aty. 201. Brandi of Oak Tilth altercate loav<?« an«l teaf-buds In their axils. 

«. «. Bncis 6, b. Leavi*. Fin. 2 U 2 . Longitudinal section of the end of 

• twtgof the Ihmechestnut (*£scttltu //ippoccurianum), before the bursting’ 
of the bud. After Scbleiden. a. The pith, b , b. The wood, c, r. Tlie 
bark, d, d. Scars of leave* of former years, <?, e. Tbe vascular bundles of 
those leaven, f , f. The axillary buds of those leaves, with their scales and 
vaacular bundles, g. Terminal bud of the twig ending in a rudimentary 
flowering panicle, h, h. Scars formed by tlie falling off of tbe lowest 
scales of the bud, and above these may he seen the closed scales with their 
vascular bundles. «. Medullary mass leading from tbe pith into the 
axiBar}' bud. 

raentary leaves of the bud and the air a thick coating of matter 
which is a bad conductor of heat and insoluble in water, protect 
them from the influence of external circumstances, by which 
they would be otherwise injured, or even destroyed. Buds thus 
protected are sometimes termed scaly . In the buds of tropical 
regions, and those of herbaceous plants growing in temperate 
climates which are not thus exposed to the influence of a winter, 
such protective organs would be useless, and are accordingly 
absent, and hence all the leaves of these buds are nearly of the 
same character. Such buds are called naked. In a few instance* 
we And even that the buds of perennial plants growing in cold 
climates, and which are exposed during the winter, are naked 
like those of tropical and herbaceous plants. Such is the case. 
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for instance, with the Alder Buckthorn ( Rkamnus Frangufa), 
and some species of Viburnum. 

These protective organs of the bud are commonly, as we have 
just mentioned, termed scales, but they have also received the 
name of tegmenta. That such scales are really only modified 
leaves, or parts of leaves, adapted for a special purpose, is proved 
not only by their position with regard to the true leaves, but also 
from the gradual transitional states, which may be frequently 


Fig. 203 . Fig. 204 . Fig. 205 . 



Fig. 203. A nhoot one year old of the Horaecl^tnut, with terminal bud. 

a. Sc&r produced by the falling off of the bud-scides of the previous year. 

b, b. Scars caused by the falling off of the petioles of the leaves of the 

prpsent year, with buds, <*, in thpir axils. Fig. 204. Diagram to illus- 

trate the growth of tl»e shoot from the bud. c, c, c. The nodes where the 
leaves are situated, rf, d. The infcemode* developed between them. — 
Fig. 200 Shoot of the Lilac (Spring a rn loans), showing suppression of 
the terminal bud, and two lateral buds in its place. 


traced from them to the ordinary leaves of the bud. These 
scales have only a temporary duration, falling off as soon as the 
growth of the bud commences in the spring. 

The bud, as we have seen, contains all the elements of a stem 
or branch (fig. 202) ; in fact, it is really the first stage in the 
development of these parts, the axis being here so short that the 
rudimentary leaves are closely packed together, and thus over- 
lap one another. When growth commences in the spring, or 
whenever vegetation is reanimated, the internodes between 
the leaves become developed (fig. 204, d, d, d), and these there- 
fore become separated from each other, e, c, r, and thus the stem 
or branch increases in length, or a new branch is formed. In 
other words, the leaves, which in a bud state overlap one another 
and surround a growing point or axis, by the elongation of the 
internodea of that axis become separated and dispersed over a 
branch or alt elongation of the stem, much in the same way as 
the joints of a telescope! become separated from one another by 
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length* of tube when it is drawn out. The branch, therefore; 
like the bud from which it is formed, necessarily contains the 
same parts as the axis upon which it is placed, and these parts 
are also continuous with that axis, with the exception of the pith, 
which, although orginally continuous in the bud state, ultimately 
becomes separated by the development of tissue at the point 
where the branch springs from the axis. But when a branch 
becomes broken off close to the wood, and there are no buds 
upon it to continue its growth, it becomes ultimately enclosed by 
the successive annual layers of wood, and thus a knot is formed. 

From the above circumstances it follows that a bud resembles 
in its functions the embryo from which growth first commenced, 
and it has accordingly been termed a fixed embryo . There is this 
difference, however, between them : — a bud continues the in- 
dividual, while the embryo continues the species. A stem is 
therefore really made up of a number of similar parts or buds, 
called phi/tons, which are deveIo{»ed in succession, one upon the 
summit of the other. Hence, by the development of a terminal 
bud the stem increases in height ; and by those situated late- 
rally branches are produced. A tree may thus be considered 
as a compound body, formed of a series of individuals which mu- 
tually assist one another, and benefit the whole mass to which 
they belong. In Dicotyledonous trees, which form lateral or axil- 
lary buds, the destruction of a few branches is of no consequence, 
as they are soon replaced ; but in Palms, and most other Monoco- 
tyledonous trees, and also in those of Acotyledons, which deve- 
lope only from terminal buds, the destruction of these under ordi- 
nary circumstances, as we have seen (i>age 90), leads to their death. 

The buds or similar parts, of which a tree, or other Dicotyle- 
donous plant, may thus be shown to be made up, being thus 
distinct individuals, as it were, in themselves, are also capable 
of l>eing separated from their parents and attached to other in- 
dividuals of the same, or even of nearly allied species ; or a 
branch with one or more buds upon it may be bent down into 
the earth ( fig. 220). The operations of Budding, Grafting, and 
Layering depend for their success upon this circumstance ; and 
in some plants buds naturally separate from their parents, and 
produoe new individuals. These operations are of great import- 
ance in horticulture, because all plants raised by such means pro- 
pagate the individval pentliaritie* of their parents, which is 
not the case with those raised from seed, which have merely a 
specific identity. 

6. Bamificatjon or Branching.— I n the same waj^ as 
branches are produced from buds placed on the main axis or 
stem , so in like manner from the axils of the leaves of these branches 
other buds and branches are formed ; these again will form a 
third series, to which will succeed a fourth, fifth, and so on. 
The main divisions of the stem are called branches, while 
the smaller divisions of these are commonly termed twigs. 
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The general arrangement and modifications to which these are 
liable are commonly described under the name of ramificatum 
or bramhmg , which may be defined as the lateral development 
of similar parts. Thus the divisions of a stem or root are 
branches ; but the lateral development from a stem of leaves, 
or other dissimilar parts, such as hairs, is not branching. 

There are two principal types~of branching, the monopodicd 
and the dichotomous. Thus, when the axis continues to develope 

Fig. 20G. Fig. 207. 



Fxg. 206. Diagram of normal wr true dichotomous branching; «ho\> ing the 
two branched equally ileveloiied in u forked maimer, and each brunch di- 
viding in Hucce^ion in a similar way. Fuj. 2U7. Diagrams of fijmpodial 

dichotomous branching. A. Boc.tr> coid or Helicoid dichotomy. B 
Cicmal or Scorpioul dichotomy. In A the left-hand branches, i % l, /, of 
successive diehot »mie> are much more developed than the right, t, r, r, r. 

In B the left-hand branches, /, l, and those of the right-hand, r, r, are 
alternately more vigorous in their growth. After Sachs. 

in an upward direction by a terminal bud or growing point, so 
as to form a common foot or podium for the branches, which 
are produced from below upwards, or acro^talhj from lateral 
buds 201), the brandling is called tuouopodiaf. This 

is, with rare exceptions, or perhaps the universal system of 
branching in the Angiosi>enuia. But when the terminal bud 
or growing point bifurcates, and thus produces two shoots, so 
that the footer podium bears two branches arranged in a forked 
maimer ( jig . 200), the branching is termed dichotomous. This 
form is common in many of the Cryptogamia (jig. 200). 

In dichotomous branching we have also two forms, one 
which is termed true or normal dichotomy , in which the two 
branches continue to develope equally in a forked maimer — that 
is, each becomes the podium of a new dichotomy (jig. 206) ; and 
a second, in which one branch grows much more vigorously than 
the other, when it is called sympodud (,/iu/. 207, A and B). In 
this latter case, owing to the unequal growth of the branches, 
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the podia of successive bifurcations form an axis which is termed 
the pseud-axis or stfmpodium, on which the weaker fork-branches 
or bifurcations appear as lateral branches ( Jig. 207, A, r, r, r, r f 
and B, r, l , r, l, r). This branching might at first sight be 
confounded with the monopodial form, where we have a con- 
tinuous axis giving off lateral branches; but it differs in the 
fact that here the apparent primary axis consists of a succession 
of secondary axes. 

In sympodiai branching, again, the sympodium may be either 
formed of the fork-branches of the same side (left or right) of suc- 
cessive dichotomies (Jig. 207, A, /, /, l) ; or it may consist alter- 
nately of the left and right fork-branches or bifurcations (Juj. 
207, B, /, r, l y r). In the former case it is called helicoid or 
bostrycoid dichotomy ; in the latter, seorpioid or cicinal dichotomy. 

Of the monopodial branching there are also two forms, the ra- 
cemose and the cymose. In the first the primary axis continues to 
develope upwards and gives off acropetally lateral branches from 
axillary buds ; which also give off lateral branches in a similar 
manner; but in the second form the lateral axes at an early age 
develope much more vigorously than the primary axis and become 
more branched than it. It is in this wav —that in some plants, by 
the suppression of the terminal bud and the subsequent vigorous 
growth of the closely arranged lateral buds, forming two shoots 
apparently radiating from a common point, as if caused by the 
division of the terminal bud, as in true dichotomous branching, 
— an apparent but false dichotomy is produced, which is called a 
dicltasinm or false cyme. This suppression of the terminal bud 
may occur naturally, as in the Lilac (Jig. 205), or accidentally 
from frost or other injury. 

These modes of branching will be more especially alluded to 
under the head of Inflorescence, in which their more practical 
application arises. 

All lateral or axillary buds are called regular or and 

their arrangement in such cases is necessarily the same as that 
of the leaves. Again, as branches are formed from buds thus 
placed, it should follow that their arrangement should also corre- 
spond to that of the leaves. This corresponding symmetry, how- 
ever, between the arrangement of the branches and that of the 
leaves is interfered with from various causes. Thus, in the first 
place, by many of the regular buds not being developed. Secondly, 
by the development of other buds which arise irregularly at 
various other points than the axils of leaves : these are called 
from their abnormal origin, adventitious. And, thirdly, by the 
formation of accessory buds. 

1. Non-development of the Regular Buds . — This frequently 
takes place irregularly, and is then altogether owing to local or 
special causes; thus, want of light, too much crowding, or bad 
soil, may cause many buds to become abortive, or to perish 
after having acquired a slight development. In other instances, 
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however, this non-development of the buds takes place in the 
most regular manner ; thus, in Firs, where the leaves are very 
closely arranged in a spiral manner, the branches, instead of 
presenting a similar arrangement, are placed in circles around 
the axis, at distant intervals. This arises from the non-deve- 
lopment of many of the buds of the leaves forming a spire, 
which is followed by the development of the buds in the axils of 
other leaves successively ; and as such leaves are thickly placed, 
we are unable, after the development of the branches, to trace 
clearly the turns of the spire, so that they appear to grow in a 
circle. 

Fig 208. Fig. 2(K>. 



Fig 208 Leaf of Bt yophullum cab nnum with burls on its margins. Fig. 

209. Etid of the leaf of Malaxi* paludosa, with buds, b, b t on its margin*. 


Fig. 210. 


2. Adventitious Buds . — These have been found on various parts 
of the plant, as on the root, the woody part of the stem, the leaves, 
and other organs. Thus, when a tree is pollarded, that is, when 
the main brunches on the apex of the stem are cut off, this part be- 
comes so charged with sap that a multitude of adventitious buds 
are formed from which branches are developed. The branches 
thus produced by pollarding are, however, to a certain extent, also 
caused by the development of regular buds which had become la- 
tent from some cause having hitherto interfered with theirgrowth. 

In every instance the adventitious buds, like l ’- 
the normal ones, take their origin from paren- 
chymatous tissue. Tims, if produced on the 
stem or branches from the ends of the medul- 
lary rays, or when developed on the margins of 
leaves, as in Malaxis puludosa (jig. 209, b , b), 
and BnjophyUum calycinum (Jig. 208), or from 
the surface of leaves, as in Ornithogalum 
thyrsoideum (Jig. 210, b , b , b). Leaves thus 
bearing buds are called proliferous. Such buds 210 a portion 
are naturally form* d on the leaves of the of the loaf of or- 
above-named plants, and occasionally on others ; 
but they may also be produced artificially on bud*, b, b, <m 
various leaves, such as those of Qtmwra, ^ surface. 
Gloxinia , and Achimenes, by the infliction of wounds, and then 
afterwards placing them in a moist soil and exposing them to the 
other influences which ore favourable for the growth of buds. 
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The buds developed on the leaves, in such cases, ultimately form 
independent plants, and this process is therefore constantly re- 
sorted to by gardeners as a means of propagation. These adven- 
titious buds differ from those commonly produced in the axil of 
leaves, or at least from those which remain dormant during the 
winter ; in being smaller, and having no external protective 
organs or scales. 

Fig. ‘211. Fig. *212. 



Fuj. 211 . Eu.bnobuU f»r < ml*i \ of flic lur F,-r. 212 A \t«rtval 

section of tlu wane M»nouuik-<U>\ the hark. 

Embnjn- Hud *. — In some trees the adventitious buds, instead 
of being developed on the outside of the stem or branch, are 
enclosed in the bark ; such have been called t mhryodm<1.> or 
nnbrtjo-nothth*. They may be readily observed in the hark of 
certain trees, such as the Cork-oak, the Beech, and the Cedar of 
Lebanon, in which they produce externally little swellings, 
which, when examined, are found to l>e owing to the presence 
of these nodules, which have a more or less irregular o\oid (Jhj. 
211) or spheroidal form, and woody texture. Upon making a 
transverse or vertical section of one of them 212), we 
observe a central pith surrounded by a variable number of 
concentric zones of wood according to its age, as in the wood 
of ordinary trees, and traversed by medullary rays ; in fact, it 
lias all the elements of organisation found in the branch or 
stem of a Dicotyledonous tree. In the course of their develop- 
ment, these embryo-buds frequently reach the wood, with the 
grow th of which they then become confounded, and thus form 
what are called knobs. In other cases a number of nodules 
meeting together on the surface form an t sett net hv» That such 
nodules are analogous to buds is further proved by the fact of 
their sometimes producing a short branch from their summit, 
as in the Cedar of Lebanon and Olive. Those of the latter 
plant, under the name of Uoriti , are really employed for its pro- 
pagation. 

3. Aee#*nory Jiiuh. — The third cause of irregularity in the 
distribution and appearance of branches amen from the multi- 
plication of buds in the axils of leaves. Thus, instead of one 
bud, we have in rare cases two, three, or more, thus situated 
(Jiy*. 213-215) ; such are called memsory btuls. These buds 
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may be either placed one above the other, or side by side. 
Thus, in certain Willows, Poplars, and Maples, we have three 
buds placed side by side (Jig. 213, a)> which frequently give rise 
to a corresponding number of branches. In some Aristolochias, 
in Walnuts (Jig. 214, 6), in the Tartarian Honeysuckle (Jig. 
215, 6), and other plants, the accessory buds are arranged one 
above the other. Sometimes the uppermost bud alone developes 
(Jig. 214, b), as in the Walnut, and thus the branch which is 
formed arises above the axil of the leaf, in which case it is said 
to be t Hr n-ax illary. In the Tartarian Honeysuckle (Jig. 215, 
h) t the axillary or lowest bud is that which forms the strongest 
branch, over which a number of smaller branches are placed, 
arising from the development of the accessory buds. In some 

Fio. 213. Flo. 214. Fio. 215. 




/’/'/. *J15. Rruni'h of a -j*oci<-s of Maple with tlucc bud-, 

n, pUc^l In the 1«* of one another. /ty. *il4. A 

]in<v of u limiu'l) of the Walnut-tree, p . The j*e- 
tiolo ha\ mp in its axil a number of bmU, b, phicod 
tme nhoxe the other, the uppermost most devekijted. 

/’»'/. *Jh r » A jtutv of a branch of the Tartarian 

‘llonej suckle (L»nu\nt tut tar%eu\. heurinp a leaf,/, 
with numerous hmis, b. in its. axil, placed al*»ve one 
anut la r, the lowermost U*uig the nio.-t dv\ eloped. 


trees, as the Larch, and Ash ; and frequently in herbace- 
ous plants, these accessory buds, instead of forming separate 
branches, become more or less united, and the branches thus 
produced then assume a more or less flattened or thickened 
appearance. Such abnormal branches arc commonly called 
fawiated. These branches may, however, be produced by a single 
bud developing in an irregular manner. 

Besides the abov three principal sources of abnormal or 
irregular development of the branches, some minor ones also arise 
from the formation of cHra-axillanj branches in other ways 
than those just alluded to. Thus the stem may adhere to die 
lower part of the branch, which then appeal's to arise from 
above the axil of the leaf ; or to the petiole, when it appears 
to arise from below it. Other irregularities also occur, but 
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The buds developed on the leaves, in such cases, ultimately form 
independent plants, and this process is therefore constantly re- 
sorted to by gardeners as a means of propagation. These adven- 
titious buds differ from those commonly produced in the axil of 
leaves, or at least from those which remain dormant during the 
winter ; in being smaller, and having no external protective 
organs or scales. 

Fig. 211. Fus. 212. 



Fig. 211. Eiui) rjoluid or<*mhruMiotl»U<» of thcOJar. F»r.'2 ll\ A \t»rtval 

t-oction of tilt* burnt* MinouiulLtl l>\ the bark. 

Einbnjo-Butli t. — In some trees the adventitious buds, instead 
of being developed on the outside of the stem or branch, are 
enclosed in the bark ; such have been called emhnjo-hud* or 
endtryo- nodule*. They may be readily observed in the bark of 
certain trees, such as the Cork-oak, the Beech, and the Cedar of 
Lebanon, in which they produce externally little swellings, 
which, when examined, are found to be owing to the presence 
of these nodules, which have a more or less irregular o\oid (Jiy. 
211) or spheroidal form, and woody texture. Upon making a 
transverse or vertical section of one of them (Jiy. 212), we 
observe a central pith surrounded by a variable number of 
concentric zones of wood according to its age, as in the wood 
of ordinary trees, and unversed by medullary rays ; in fact, it 
lias all the elements of organisation found in the branch or 
stem of a Dicotyledonous tree. In the course of their develop- 
ment, these embryo-biuls frequently reach the wood, with the* 
growth of which they then become confounded, and thus form 
what are called knobs. In other cases a number of nodules 
meeting together on the surface form an wivscv n*'». That such 
nodules are analogous to buds is further proved by the fact of 
their sometimes producing a short branch from their summit, 
as in the Cedar of Lebanon and Olive. Those of the latter 
plant, under the name of Uorili , are really employed for its pro- 
pagation. 

3 . Accessory Jfwls. — The third cause of irregularity in the 
distribution and appearance of branches arises from the multi- 
plication of buds in the axils of leaves. Thus, instead of one 
bud, we have in rare cases two, three, or more, thus situated 
(JUjs. 213 - 216 ) ; such are called aca-ssory bud*. These buds 
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may be either placed one above the other, or aide by side. 
Tims, in certain Willows, Poplars, and Maples, we have three 
buds placed side by side ( Jig . 213, a), which frequently give rise 
to a corresponding number of branches. In some Aristolochias, 
in Walnuts (Jig. 214, f>), in the Tartarian Honeysuckle (Jig. 
215, 6), and other plants, the accessory buds are arranged one 
above the other. Sometimes the uppermost bud alone developed 
(Jig. 214, h), as in the Walnut, and thus the branch which is 
formed arises above the axil of the leaf, in which case it is said 
to be extra-axillary. In the Tartarian Honeysuckle (Jig. 215, 
5), the axillary or lowest bud is that which forms the strongest 
branch, over which a numtwr of smaller branches are placed, 
arising from the development of the accessory buds. In some 
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Vm 21 1 Ur.molj of a '•rx’OifS of Mapk> \\ ith three* bud>, 

<i. plant! b\ the tide of one another. /’u/. 214. A 

pirn* of a brunch of the 'R alnut-tree. p. The pe- 
ttole li n inpr in its axil a number of buds, 6, placed 
oneaboM the other, the uppermost m«»t developed. 

/></ 21f> A piece of a brunch of the Tartarian 

dloiu*^su( kle (Lvnu'e/a UuUtnm). bearing a leaf,/, 
with numerous buds. 6 . m it*« axil, placed alcove one 
uuothtr, the lowermost liemg the imM do\ eloped. 


trees, as the Larch, and Ash ; and frequently in herbace- 
ous plants, these accessory buds, instead of forming separate 
branches, become more or less united, and the branches thus 
produced then assume a more or less battened or thickened 
appearance. Such abnormal branches are commonly called 
/undated. These branches may, however, be produced by a single 
bud developing in an irregular manner. 

Besides the abov three principal sources of abnormal or 
irregular development of the branches, some minor ones also arise 
from the formation of extra-axillary branches in other w'ays 
than those just alluded to. Thus the stem may adhere to the 
lower part of the branch, which then appears to arise from 
above the axil of the leaf ; or to the petiole, when it appears 
to arise from below it. Other irregularities also occur, but 
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they are of little importance compared with those already 
mentioned. 4 

3. Of the Forms and Kinds of Stems and Branches. — In 
form the stem is usually more or less cylindrical, while in other 
cases it becomes angular, and in some plants, particularly in 
those of certain natural orders, it assumes a variety of anomalous 
forms. Thus in many epiphytical Orchids it becomes more or 
less oval or rounded, and has received the name of Pseudobulb 
(Jig. 251, b, b ) ; in the Melon-cactus it iB globular ; and in other 

Fio. 216. Fio. 217. Fiu. 218. 
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Cacti it is columnar, more or less flattened, or jointed. In the 
Tortoise or Elephant's-foot Plant (Testndinaria elepkantipes ), it 
forms a large rough irregular mass. 

In general, stems possess a Arm texture, and can therefore 
readily sustain themselves in an upright direction ; but at other 
tiroes they are too weak to support themselves, and then either 
trail along the grCnnd, or attach themselves to some other plant 
or neighbouring object. In such cases, if they trail on the 
ground, they are said to be procumbent or prostrate ; or if when thus 
reclining they rise towards their extremity, they are decumbent ; 
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or $f they rise obliquely from near the base, attending. But if, 
instead of retting on the ground, they take an erect position 
and cling to neighbouring plants or objects for support^ they 
are called climbing if they proceed in a more or less rectilineal 
direction, as in the Passion-flower (Jig. 222), where they cling 
to other bodies by means of little twisted ramifications called ten- 
drils, v. v f or in the Ivy, where they emit little aerial roots from 
their sides, by which they adhere to neighbouring bodies (Jig. 216, 
a, a). Or if such stems twist round other bodies in a spiral 
manner they are said to be tunning ; and this twining may take 
place either from right to left, as in some Convolvuli (Jig. 218), 
French Bean, and Dodder ; or from left to right, as in the 
Honeysuokle (Jig. 217), Hop, and Black Bryony ; or first in one 
direction and then in another, irregularly, as in the White 
Bryony. The climbing and twining stems of cold and temperate 
regions are generally herbaceous or die annually, although we have 
exceptions in those of the Ivy, Vine, Clematis, and Honeysuckle, 
which are woody. In tropical climates these woody climbing 
and twining stems often occur ; they are called liana*, and they 
frequently ascend to the tops of the loftiest trees, and then 
either descend to the ground again, or run to the branches of 
neighbouring trees. 

The stem has received many names according to its nature. 
Thus it is called a caulis in plants which are herbaceous, or die 
down annually ; a trunk , as in trees, where it is woody and per- 
ennial ; a culm , as in most Grasses and Sedges, where it presents 
a jointed appearance ; and a cawUx or stipe, as in Tree-ferns 
and Palms. 

Herb*, Shrubs, and Trees. — From the nature, duration, and 
mode of branching of stems, plants have been arranged from the 
earliest periods in three divisions, called, respectively, Herbs, 
Shrubs , and Trees. Thus, those plants which have stems that die 
down annually to the surface of the ground are called herbs; 
while those with perennial aerial woody stems are denominated 
trees or shrubs according to cireu instances. Herbs are also further 
characterised as annual, biennial , and perennial. Thus they are 
annual when they only live through one season, that is — between 
spring and autumn ; biennial, when they spring from seed in one 
season, and die in the second, after producing flowers, fruit and 
seed ; and perennial, when they germinate from seed in one season, 
and continue to live through a succession of years, and annually 
send up an herbaceous stem or stems. The term tree is applied 
if the branches are pe? ennial and arise from a trunk. When the 
branches are perennial and proceed directly from, or near to, the 
surfaoe of the ground without any trunk, or where this is very 
short, a shrub is formed; this when low and branched very 
much at the base, is denominated a bush. The term undershrub 
is also applied to a small shrub which is intermediate in its 
characters between a n ordinary shrub and an herb ; thus, when 
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some of its brandies generally perish annually, while others are 
more or less permanent. All the above kinds of stems are con* 
nectcd by intermediate links, so that in many cases they are by 
no means well defined. 

If the terminal bud of a stem is continually developed, the 
axis upon which it is placed is prolonged upwards from the 
earth to its summit, giving off branches from its side as in most 
Pits ; such a stem has been termed excit rrtnt. When the main 
stem is arrested in its development by the process of flowering, 
or some other cause, and the lateral buds become the more 
vigorously developed, so that the stem appears to divide into a 
number of irregular branches, it is Baid to be deliquescent. These 
different kinds of growth influence materially the general form 
of trees. Thus, those with excurrent stems are usually more or 
less conical or pyramidal ; while those with deliquescent stems 
are rounded or spreading. The general appearanoe of trees also 
depends upon the nature of the lateral branches, and upon the 
angle which they make with the stem from which they arise. 
Thus, if the branches are firm, and spring at an acute angle to the 
stem, as in the Cypress and Lombardy Poplar, they are erect, 
and the tree is more or less narrowed ; if they come off at a right 
angle, the branches are spreading , as in the Oak and Cedar ; if 
the angle is very obtuse, or if the branches bend downwards 
from their origin, as in the Weeping Ash and Weeping Elto, 
they are termed i ceeping or pendulous ; in other oases this 
weeping appearance arises from the weakness and flexibility of 
the branches, as in the Weeping Willow and Weeping Birch. 
The relative length also of the upper and lower branches will 
give rise to corresponding differences in the general appearance 
of trees. Thus, if the lower branches are the longest and be- 
come shorter as they approach the top, the whole will be shaped 
like a cone or pyramid, as in the Spruce Fir ; if the middle 
branches are longer than those of the base and apex, the general 
appearance will be rounded or oval, as in the Horsechesinut ; if 
those of the top are the most developed, the form will be um- 
brella-like, as in the Italian Pine. 

Besides the above forms and kinds of stems and branches, 
there are two others to be described, namely, the Spine and 
Tendril. 

Spine or Thom . — It sometimes happens that a leaf-bud, in- 
stead of developing as usual, so as to form a symmetrical leaf- 
bearing branch, becomes arrested in its growth, and forms a 
hardened projection terminating in a more or less acute point, 
and usually without leaves, as in Thorns (Jig. 220) and in 
OledUschia (Jug. 219). Such an irregularly-developed branch 
is called a spine or thorn. That the spines are really modi- 
fied branches is proved not only by their structure, which 
is exactly the same as the stem or branch upon which they are 
placed, but also by their position in the axil of leaves ; by tbehr 
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sometimes bearing leaves, as in the Sloe (fig. 221), and Spiny 
Rest-harrow ; and by their being frequently changed into ordi- 
nary leaf-bearing branches by cultivation, as in the Apple and 
Pear. The spines are sometimes confounded with prickles, 
already described (page 63), but they are readily distinguished 
from these by their structure and connection with the internal 
parts of the stem ; the prickles being merely formed of hardened 
parenchyma, arising immediately from, and in connection only 
with, the epidermal tissue and layer of cells beneath. 

Tendril or Cirrhm . — This term is applied to a thread-like 
leatiess branch, which is twisted in a Bpiral direction, as in the 
Passion-flower (fig. 222, v, v). It is one of those contrivances 
of nature by means of which weak plants are enabled to rise into 
the air by attaching themselves to neighbouring bodies for sup- 

Fu.. 210. F k .. 220. Fig. 221. 




Fw. 210. Rranchinpr spine of tlie Honor Locust (Gleditvhu*) Fm 220 

Spiue of a -pecics of l bom. F»a. 221. Leaf) spine* of the common Sloe. 


port. Tendrils may be also observed in the Tine (fig. 223, r, 
r, r), where they are regarded by many botanists as' the ter- 
minations of separate axes, or as transformed terminal buds. 

Both spines and tendrils are occasionally produced from 
leaves and some other organs of the plant ; these peculiarities 
will be referred to hereafter, in the description of those organs of 
which they are resj>ectively modifications. 

Kinw* of Stem and Branches. — We have seen that the 
stem, when first developed, always takes a diametrically opposite 
direction to that of the root. In many instances this direction is 
continued more or less throughout its life. In other plants, how- 
ever, the terminal bud either acquires an irregular direction, and 
tfte stem runs along, or remains under, the surface of the ground ; 
or it perishes altogether at a very early period, and an axillary 



112 


KINDS OF STEM. — BUNNEB.— OFFSET. 


branch takes its place, which also, by developing laterally, will 
likewise continue near the surface of the ground, or burrow 
beneath it. From these peculiarities in the direction and growth 
of stems and branches, we have a number of modifications which 
we now proceed to describe. These are best treated of under 
two heads, namely, those which are aerial , and those which are 
subterranean. We can, however, by no means draw a distinct 
line between the modifications of stem which these two divisions 
respectively contain, as certain forms occasionally pass from one 
into the other, thus being both subterranean and aerial at dif- 
ferent points, or at different periods of their course. 


Fio. 222. 


Fio. 223. 



1. Aerial Modifications of Stems and Branches. — Of these the 
more important are the runner, the offset , the stolon, the mcket, 
and the rhizome. 

a. The Runner or Flagellum (Jig. 224). — This is an elongated, 
slender, prostrate branch, a', sent off* from the base of the stem, 
and giving off at its extremity leaves, r, and roots, /, and thus 
producing a new plant, which extends itself in a similar manner. 
Tins is well seen m the common Strawberry and Potentilla. 

b. The Offset (fig. 225).— This is a short, prostrate, more or 
less thickened branch, which produces at its apex, roots and a 
tuft of leaves, and thus forms an independent plant, which is 
capable of producing other offsets in a like manner. It is well 
seen in the Houselee*. This differs very little from the ordinary 
runner, except in being shorter, somewhat thicker, and its leaves 
distinctly tufted. 
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c. The Stolon . — This is a branch given off above the surface 
of the ground, but which curves or proceeds downwards towards 
it, and when it reaches a moist spot it sends roots into the earth, 
and a stem upwards into the air, and being thus capable of 
acquiring food independently of its parent, it ultimately forms 

Fin. 224. 



Fig. 224. A portion of the common Strawberry plant, d. An axis produ-ing 
a tuft of loaves at its extremity, the upj>er of which, r, are well developed 
and green, and the lower rudimentary. From the axii of one of the latter 
a second axis or runner, a*, anew, bearing a rudimentary leaf,/, near the 
middle, and a cluster of leares, r , at its end. a m . A third axis produced 

in a similar manner to the former. /,/. Hoots Fig. 225. The offset of 

Semprrvivum. Fig. 226. Plant showing the process of /agertmg. 

a new individual. The Currant, Gooseberry, and other plants, 
multiply in this way. All such plants are said to be dolom- 
ferous. Gardeners imitate this natural formation of new 
individuals, when they lay down a branch into the earth* 
from which a new plant is ultimately formed ; this process is 
technically called layering (Jig. 226). 

i 
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d. The Sucker (figs, 227 and 228).— This is a branch which 
arises from the stem below the surface of the earth, and which, 
after proceeding in a horizontal direction for a certain distance, 
and giving off roots in its course, turns upwards into the air, 
and ultimately forms an independent plant. Plants thus pro- 


Fig. 227. Fit;. 22*. 



Fuji. 227 and 228. Suckers of species of Altnlha. 


ducing suckers are said to be su ratios?. Good examples of this 
kind of stem are seen in the Rose, the Raspberry, and the 
Mint (figs, 227 and 228). The sucker can scarcely be said to 
differ in any essential particulars from the stolon, except that 
it is originally subterranean, and ultimately aerial; whereas 
the stolon is tirst aerial, and then subterranean. 

Fig. 229. 




Fig. 220. A portion of the rhizome of a specif* of Iris. Fig. 230. A por- 

tion of the rhizome of the Solomon's Seal ( l»olggonatum multift<yrum\ b 
K cumins of former aerial brunch, t/. Terminal bnd. «, c. Hears produced 
by the decay of old branches, r, r. Roots. 


e. The Rhizome or Rootstock (figs. 229 and 230).— This i» a 
prostrate thickened stem or branch running along the surface of 
the ground, or more generally partly beneath it, and giving off 
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roots from its lower side, and buds from its upper. These stems 
sometimes creep for a long distance in this way, and have their 
upper surface then marked by scars (fig. 230, c, c), which are 
caused by the falling off of former leaves or aerial herbaceous 
branches. Such stems are found in the Iris, Sweet-flag, Ginger, 
Solomon’s Seal, Fern, and very many other plants. This kind of 
stem being generally partially beneath the surface of the ground, 
forms therefore a natural transition to the description of subter- 
ranean stems. 

2. Subterranean Modifications of Stems and Branches . — Ail 
these modifications of stems and branches were formerly con- 
founded with roots, and they are still thus designated in common 
language. They are distinguished, however, from roots, either 
by the presence of leaves and buds, or by scales or modified leaves, 
or by the presence of scars on their surface which are produced 
by the falling off of former leaves or buds. The different kinds 
of aerial stems described above, when partially subterranean, 
may be also distinguished in a similar manner from roots. 

Fig. 231. 



Fkj. 231 . Creeping stem of the Sami Caret {('anx arena* ta). 1. Terminal 
bud by whh h the stein continues to elongate. 2, 3, 4. b hoots produced 
from former biuls. 

a. The Creeping Stem (fig. 231). — This kind of stem is some- 
times called a S<A>oh\% and in common language a creejnng- 
root. It is a slender branch which runs along beneath the sur- 
face of the earth, emitting roots from its lower side, and buds 
from its upper, in the same maimer as the rhizome, and it is 
considered by many botanists as a variety of that stem. The 
only differences existing betweon the creeping stem as defined 
above and the rhizome, are its more slender form, its commonly 
greater length, and its entirely subterranean course. The Sand 
Sedge or Cwrex arenaria (fig. 231), and the Couch Grass ( Triticum 
repen*), afford good examples of this stem. In some instances 
such stems serve important purposes in nature ; thus those of 

i 2 
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the Sand Sedge or Carex, by spreading through the sand of the 
sea-shore, and in this way binding it together, prevent it from 
being washed away by the receding waves. Others, like those of 
the Couch Grass, are the pest of the agriculturist, who finds it very 
difficult to destroy such stems by cutting them into pieces, for as 
every node is capable of developing a leaf-bud and roots, each of 
the pieces into which they will then be divided may become an 
independent individual ; and therefore such a process, instead of 
destroying such plants, only serves the purpose of still further 
multiplying them by placing the separated parts under more 
favourable circumstances for development. 

Fit.. 232 . 



Fuj. 232 Tubers of the common Potato ( Sotuimm tuberosum). 

b. Hie Tuber ( Jig *. 232 and 233). — This is a subterranean 
stem or branch, arrested in its growth, and excessively enlarged 
by the deposition of starch or other nutritious substance in its 
tissue. It has upon its surface a number of little budB, or eyes 
as they are sometimes called, from which new plants are ulti- 
mately formed. The presence of these buds indicates its nature 
as a kind of stem. The Potato {Jig. 232), and Jerusalem Arti- 
choke (Jig . 233), are good illustrations of tubers. A case was re- 
ported in the Gardener £ Chronicle of a Potato plant in which 
the bads in the axils of the true leaves above ground showed a 
tendency to form tubers (Jig. 234), by which their analogy to 
stems was also clearly indicated. The stem-like nature of the 
tuber is likewise corroborated by the common experience of gar- 
deners, who, by surrounding the lower part of the aerial stems 
of the Potato with earth, convert the buried buds (which under 
usual circumstances would have produced ordinary branches) into 
tubers, and thus increase their number. 
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The tubercules of certain terrestrial Orchids and other plants 
( figs. 256-258), which are described by us as enlarged roots, 



Fkj. 233. Tubers of the Jerusalem Artichoke (Uehanthug tubeto*v<). Fnj. 

234. A monstrous brunch or bud of the common Potato. Fiom the Uai~ 
detitrs'. Ckrotucl?. 


are considered by some botanists as tubers. The tuber, how- 
ever, as defined above, is well characterised, and, in practice at 
least, should be distinguished from them. 

c. The Bulb . — This is a short ened, usually subterranean 
stem or branch, generally in the form of a rounded or flattened 



235. Vertical section of the scaly bulb of the Idly. a. Shortened axis or 

plate. 6. Lateral bulb or clove. /*. Flowering stem. c. Scales. /fy. 

23fi, Vertical action of the acaly bulb of the Lily. Fut. 237. Scaly bulb 

of the Lily. n. Shortened axis, b. hoots, r. Scales, d. Flowering stem. 
The letters refer to the same parts m both figures. 


plate or disc (Jigs. 235-237, «), which bears on its surface a 
number of fleshy scales or modified leaves ; or it may be con- 
sidered as a subterranean bud of a scaly nature, which sends off 
roots from below (Jig. 237, b) f and a stem upwards (Jig. 235, />, 
andjfajrs. 236 and 237, d) } bearing leaves and flowers. The scales 
are generally more or less thickened by deposition of nutritive 
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matters ; these, therefore, serve as reservoirs of nutriment for 
the future use of the plant, just as in other cases the enlarged 
Btems and roots serve a similar purpose. The bulb is only 
found in Monocotyledonons plants, as in the Lily {figs. 235 and 

237) , Onion {fig. 238), and Tulip. The scales of a bulb, like 
the ordinary leaves of a branch, have the power of developing 
in their axils new bulbs {fig. 235, b) ; these are called by 
gardeners cloves , and their presence is an additional proof of 
the analogy of a bulb to a branch or bud. 

There are two kinds of bulbs commonly distinguished by 
botanists, namely, the tnnicated {fig. 238), and the scaly {figs. 
235-237). The tuuicated bulb is well seen in the Onion {fig. 

238) and Squill. In this kind of bulb the inner scales, which 

Fig. 238. Fig. 239. 




Fig. 238. Tnnicated bulb of the Onion. Fig. 230. Stem of a species of Lily 

(Lilivm bulbifernm) bearing bulbils or bulblets, a, a, in the axils of its 
leaves. 

are thick and fleshy, and enclose each other in a concentric 
manner, are covered externally by thin and membranous ones, 
which form a covering or tunic to them, and hence the name 
tnnicated or coated , which is applied to it. In the scaly , or 
naked bulb as it is also called {figs. 235-237), there are no outer 
dry scales ; but it is entirely composed of thick, fleshy, more or 
less flattened ones, which simply overlap each other. 

The young bulbs {cloves) (fig. 235, b), which are developed in 
the axils of the scales of bulbs, either remain attached to their 
parent, which they then commonly destroy by absorbing all its 
stored-up nutriment ; or they become separated in the course of 
growth, and form independent plants. 

In the axils of the leaves of certain plants, such as some 
species of Lily (fig. 239, a, a), the Coralwort {Dentaria bulbifera ), 
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and Pilewort {Ranunculus Ficaria), small conical or rounded 
fleshy bodies are produced, which are of the nature of bulbs, 
and are hence called aerial bulbs from their position, or from 
their smaller size, bidbils or bnlblets. They differ from ordinary 
buds in their fleshy nature, and by spontaneously separating 
from their parent, and producing new individuals when placed 
under favourable circumstances ; and from true bulbs from their 
small size and aerial position. These aerial bulbs are not con- 
fined, as is the case with true bulbs, to Monocotvledonous plants, 
as may be seen by the examples given. 

d. The Com . — This form of stem, like the true bulb, is only 
found in Monocotyledonous plants, as, for example, the Colchi- 
cum (Jig. 242), and Crocus (Jigs. 240 and 241). It is an enlarged 
solid subterranean stem, of a rounded or oval figure, and com- 
monly covered externally by a few thin membranous scales. By 
some botanists it is considered as a kind of bulb, in which the 


Fig. 210. Fig. 241. 



I'm. 24U. Conns of Ct<xui sit Oms. a, b The new conns, aminf? from c, the 

a})ox of the old or parent eorm. Tiy. 241. Section of the former. The 

letters refer to the same parts. 


stem or axis is much enlarged, and the scales reduced to thin 
membranes. Practically a conn may be distinguished from a 
bulb by its solid nature (Jig. 241, a, b), the bulb being formed of 
flattened imbricated, or concentrically arranged scales. The corrn 
is known to be a kind of stem by producing from its surface one 
or more buds, in the form of young corms, as in the Crocus 
(Jig. 240, a, b), where they proceed from the apex, and ulti- 
mately destroy their parent by feeding upon its accumulated 
nutriment. These new corms, in a future year, also produce 
others near their apex, and these by developing at the expense 
of their parents also destroy them in like manner, and these 
again form other corms by which they are themselves destroyed. 
In this manner the new corms, as they are succe sively deve- 
loped from the apex of the old corms, come gradually nearer 
and nearer to the surface of the earth. 

In the Colchicum (Jig. 242), the new corm a v/ is developed 
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on one side of the old corm near its base, instead of from 
the apex, as in the Crocus. This also feeds upon its parent, 
Fig. 242. and ultimately destroys it, 

and is in like manner de- 
stroyed the next year by its 
own progeny. Thus, in taking 
up such a corm carefully, we 
find (fig. 242), a, the shri- 
velled corm of last year ; and 
a", that of the present season, 
which, if cut vertically, shows 
a'", the corm in a young con- 
dition for the next year. All 
corms, like bulbs, contain 
starch or other nutritious 
matters, which are stored up 
for the future use of their 
offspring. 



Fig. 242. Colchicum. 

Roots f. Leaf, 
a. Shrivelled re- 
mains of last year’s 
corm. a". Corm of 
the present year. 
a" 1 . Commence- 
ment of the conn 
of next year. 


Section 2. The Root or Descending Axis. 

The root is defined as that part of the axis which at its first 
development in the embryo takes an opposite direction to the 
stem, avoiding the light and air, and hence called the descending 
axis, and fixing the plant to the soil or to the substance upon 
which it grows, or floating in the water when the plant is placed 
upon the surface of that medium. The part where the stem and 
root diverge is sometimes called the neck (fig. 24B, c). The axis 
is here generally more or less contracted, at least in the young 
plant ; but, as development proceeds, all traces externally of this 
point are usually destroyed, so that after a few years it becomes 
very difficult, if not impossible, to discover its position. That 
part of the root which joins the stem is called the base, and the 
opposite extremity the apex. 

We distinguish two varieties of roots, namely, the True or 
Primary , and the Adventitious or Secondary. 

1. True or Primary Root. — The true root, which can only 
exist in Dicotyledonous plants (page 129), is formed at first 
by additions made within the extremity of the radicle of the 
embryo ; and the mode in which it takes place may be thus 
stated : — Growth commences by the multiplication of cells by 
division just within the apex of the radicle ; the mass of 
cells thus formed becomes gradually differentiated into three 
layers, an outer, inner, and intermediate. From the inner layer, 
or, as it is termed, the plerome, is subsequently developed the 
fibro-vascular portion of the root ; the cortical layers being 
formed from the intermediate layer or periblem ; whilst the outer 
single layer of cells, known as the derrmtogen, in addition to 
giving rise to the epidermis, forms the cap- shaped mass of tissue, 
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called the root-cap or pileorhiza by which the growing apex of 
the root is always clothed. All roots (fig. 243, a), and the 
branches of a root grow in length in a similar manner to the radicle 
as above described ; hence roots do not grow throughout their 
entire length like stems, but only within their extremities, which 
are continually pushed forward and renewed. Thus the apex of 
the root is always clothed by a layer of denser tissue which is 
commonly known as the root- cap. All the branches of a root 
are likewise terminated by a similar cap (fig. 245 „ h , h ). This cap 
forms in fact a sort of protecting shield to the young extremi- 
ties of the root. (See also Development of Hoots, in Physio- 
logical Botany.) These extremities of the root were formerly 


Fig. 244. 



Fkj. 243. Young root of the Maple, magnified, a. The part where growth 
is taking place b The original extremity, t, c Fi bills or root-hair^. 

After Grav. Fiq 244. Highly magnified vertical section of an Orchis 

root. <p. The so-called spongiole c, c. Parenchj matous cells. / v. Wood- 
cells and vessel-. 


regarded as special organs, and called spongioles or spongelets (fig. 
244, sp), under the idea that they absorbed fluid for the use of 
the plant, in the same manner as a sponge sucks up water. But 
it will be seen from the above description of the growth of 
roots that Bitch structures have no existence. Roots increase 
in diameter by the formation of annual layers of wood, in the 
same manner as stems. 

At first the elongating growingextreinities of the root consist 
entirely of parenchymatous cells (figs. 243, a, and 244, c) ; wood- 
cells and vessels (fig. 244, fv), however, soon make their appear- 
ance, and are constantly added to below by the new tissue 
formed as the root continues to lengthen. When the root is 
fully developed, these vessels and wood-cells generally form a 
central masB or wood (figs. 244, fv, and 245, /), in which there 
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is commonly no pith, and no medullary sheath. But the 
medullary rays exist as in the stem ; and externally there is 
a true bark (fig. 245, r, r), which is also covered when young by 
a modified epidermis without stomata (fig. 19), and which, as we 
have seen, is sometimes called epiblema (page 56). This epi- 
dermis is also furnished with hair-like prolongations, which are 
termed root-hairs or fibrils (figs. 19, and 243, c, e). The latter 
are especially evident upon young growing roots, and as these 
advance in age they perish, while the tissue from which they were 
prolonged becomes at the same time harder and firmer, and is 
converted gradually into epipliloem. 

Roots have no leaves, and normally no buds, hence they 


have no provision for regular 
Fig. 245 . 



Fig. 245. Longitudinal section of the 
root of the common Bean ( Faba vul- 


ramification ; but they appear to 
divide and subdivide according 
to circumstances without any 
definite order ; hence while the 
branches of the stem have a 
more or less symmetrical ar- 
rangement, as already described, 
those of the root are unsym- 
metrical. The branches of the 
root are always developed endo- 
genously (fig. 245, n, n), that 
is, they are deep-seated, being 
derived from the pericambium or 
outer layer of the plerome. As 
they increase in length they ulti- 
mately push through the tissues 
which are superficial to them, 
namely, the cortical layers and 
epidermis of the mam root, which 
are therefore not continuous with 


garit), magnified five times, r, r. the similar tissues of the branches 
Cortex of the mam root, t Fibro- / . \ mi v i 

vascular bundles, n, n, n, n. Lateral \fi9 m V* xhe branches 

roots in different stages, developing are thus merely repetitions of 

from the pericambium and ultimately original nvna from which 

bursting through the cortex, h, h. \ ne ori S in ; ai axis Irom WHICH 

Root-cap or piieorhiza, of the lateral they are developed, and grow, 

roote. After Pranti. ag a i rea dy noticed, in a similar 

manner, and, like it, have commonly neither buds nor leaves. 
To this latter character, however, there are many exceptions, for 
although the root has no power of forming regular buds, yet ad- 
ventitious buds may be formed upon its surface, in the same man- 
ner as we have seen that under certain circumstances they may be 


produced from any parenchymatous tissue (page 105). The power 
which the root thus possesses of forming adventitious buds 


laay be observed in the Plum-tree, the Moutan Pasony, the 
Japan Anemone, and many other plants. The latter plant 


especially, exhibits this tendency in a remarkable degree. 

Distinctive Characters of Stems and Roots . — From the above 
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general description which has been given of the growth, 
structure, and characteristics of the true root, we find that 
the chief distinctive characters between it and the stem in 
Dicotyledonous plants may be summed up as follows : — 1st. The 
tendency of the root at its first formation to develope in an 
opposite direction to the stem, and thus withdraw from the 
light and air. 2nd. The root does not grow throughout the 
entire length of its newly formed parts like a stem, but only by 
additions just within its apex, which is covered by a root-cap. 
3rd. The root under ordinary circumstances has no pith or 
medullary sheath. 4th. It has no true epidermis with stomata, 
but in place of this an integument composed of cells without sto- 
mata, to which the name of ejriblema has been given. 5th. It has 
no leaves, or scales which are modified leaves. 6th. It has no 
regular buds, and has consequently no provision for a regular 
ramification. 

2. Adventitious or Secondary Root. — This name is ap- 
plied to all roots which are not produced by the direct elonga- 
tion of the radicle of the embryo ; because such roots, instead of 
proceeding from a definite point as is the case with the true or 
primary root, are, to a certain extent at least, accidental in their 
origin, and dependent upon favourable external circumstances 
for their development. All branches of a true root, except those 
originally produced from its apex, are of this nature, as are also 
those of the different modifications of stems, such as the rhizome, 
runner, sucker, stolon, eorm, bulb, &c. ; those of slips and 
cuttings of plants, &c. ; and those of nearly all Monocotyledonous 
and Acotyledonous plants. In some plants roots are also de- 
veloped from the stems or branches of plants in the air, and are 
hence called Aerial Boots. Such roots are likewise necessarily 
of an adventitious nature. 

The adventitious roots of Monocotyledonous plants make 
their first appearance as little more or less conical bodies formed 
by division and subsequent growth of the cells constituting the 
pericambium or outer layer of the plerome (or procambium) ; 
these soon break through the tissue which envelopes them, and 
appear externally, at first as parenchymatous elongations, but 
ultimately having a similar structure to that of a monocotyle- 
donous stem. Where they break through they are surrounded at 
the base by a kind of sheath or collar called a coleorhiza {fig. 246, 
co). They also grow by additions within their extremities like 
true roots, and are terminated like them by a root-cap or pileo- 
rhiza. In the adventitious aerial roots of the Screw-pine {fig. 
188, 2), and some other plants, the pileorhiza may be well seen in 
the form of a cap- like covering at the extremity of each root. The 
pileorhiza of a monocotyledonous root, like that of a true root, 
is commonly thrown off as development takes place behind it ; 
but in certain aquatic plants, as in the Duckweed {fig. 247), it 
is persistent, and appears in the form of a long sheath over the 
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end of the root ; and is continually pushed onwards by the de- 
velopment of the cells within the apex. 


Fig. 240. 


Fig. 247. 


Fig. 248. 



Fiq. 246. Germinating embryo of the Oat. r. Rootlets, each with a sheath 

(coleorhiza), co, at its base. c. Cotyledon, q. Young stem. Fig 247. 

Magnified plants of the Lesser Duckweed ( Lenina minor), with the roots 

covered by a long cap ( pileoihizn ) Fxq. 248. Lower part of the stem and 

root of the common Stock. / . The tap-root with its branches, c. The 
neck or point of union between the stem and root. t. The stem. /,/. 
Leaves, b, b. Buds. 


The adventitious roots of Dicotyledons arise in a some- 
what similar manner to those of Monocotyledons, making their 
first appearance as little conical bodies formed from the sub- 
stance of the pericambium, and ultimately breaking through 
the bark and appearing on the surface. They also grow by 
additions within tlieir extremities, and each is protected by a 
pileorhiza, and has at its base a coleorhiza. They have under 
ordinary circumstances a similar structure to that of true roots. 

Adventitious roots generally, like true roots, have no leaves 
or buds, and when subterranean, have no epidermis furnished 
with stomata ; hence when derived from Dicotyledons, they are 
distinguished from the stem by the same characters as that of 
the true root. The adventitious roots of Monocotyledons and 
Acotyledons have a similar structure to their respective stems, 
as will be afterwards noticed. Aerial roots are, however, from 
their exceptional position, frequently furnished with a true 
epidermis and stomata, and are sometimes of a green colour ; 
but in other respects they resemble ordinary adventitious roots. 

The true or primary root, from its being formed by direct 
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elongation from the radicle, generally continues to grow down- 
wards for some time at least, and hence forms a main trunk or axis 
from which the branches are given off (Jig. 248, r). Such a root 
is termed a tap-root , and may be commonly observed in Dicoty- 
ledonous plants. On the contrary, the roots of Monocotyledonous 
and Acotyledonous plants, which are adventitious, are usually 
of nearly equal size, and given off in variable numbers from the 
radicle {fig. 246, r). Some adventitious roots, such as those 
called aerial, require a more particular notice. 

Aerial Hoots . — The simplest forms of aerial roots are seen in 
the Ivy {fig. 216, a, a), and some other climbing plants* In 

Fk,. 240. 



Ftg 249. Tire Banyan-tree (Fkus xndtca). 

these plants they are essentially intended for mechanical support, 
and not to obtain food : this they obtain by their ordinary roots 
fixed in the soil. It is probable, however, that in the Ivy and 
other climbing plants some food may be taken up by these roots. 
In many other plants the aerial roots which are given off by the 
stems or branches descend to the ground, and fixing themselves 
there, not only act as mechanical supports, but also assist the true 
root in obtaining food. Such roots are well seen in the Screw- 
pine {fig. 188, 2), in the Banyan or Indian Fig-tree {fig. 249), 
and in the Mangrove-tree {fig. 250). In the latter tree these 
aerial roots frequently form the entire support of the stem in 
consequence of this decaying at its lower part {fig. 250). 

Epiphytes or Air-plants . — In these plants none but aerial 
roots are produced, and as these never reach the soil they 
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cannot obtain any food from 
Fig. 250. 


it, but must draw their food 
entirely from the air in which 
they are developed ; hence 
the name of air-plants which 
is applied to them. They are 
also called epiphytes , because 
they commonly grow upon 
other plants. Most Orchids 
(Jig. 251) and Tillandsias af- 
ford us illustrations of epi- 
phytical plants. The roots 
of such plants are commonly 
green, and possess a true epi- 
dermis and stomata ; in which 
particulars, therefore, aerial 
roots present exceptions, as 
already noticed, to what is 
commonly observed in other 
roots. The aerial roots of 
most Orchids have also a layer 
of usually very delicate fibrous 
cells (page 42), placed over the 
true epidermis, to which the 
name of root-sheath has been applied by Schleiden, who also 
calls such roots coated roots . 



Fig. 230. The Mangrove-tree ( Rhizophora 
Mangle). 



Fig. 251. Orchidaceous plants, to show their mode of growth, a, a. Aerial 
roots, by b. Pseudobulbs. 

Besides these epiphytes, there is another interesting class of 
plants which are called parasites ; these we must now notice. 

Parasites. — These are plants which not only grow upon others, 
but which, instead of sending their roots into the air and deriving 
their food from it, as is the case with the epiphytes, send 
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them into the tissues of the plants upon which they grow, and 
obtain nutriment from them. The Mistletoe (Viscum album), 
Broom-rapes ( Orobanche ), Dodders ( Cuscuta ) (Jig. 252), and 
Raffleda Arnoldi (Jig. 253), may be cited as examples of such 
plants. These parasites are of various natures ; thus some have 
green foliage, as in the Mistletoe, while many others are pale, or 
brownish, or possess other tints than green, as the Broom-rapes 
and Rafflesia. The latter plant is especially interesting from its 
producing the largest flowers of any known plant : thus the 
flrst flower that was discovered measured nine feet in circum- 
ference, and weighed fifteen pounds. 

Parasitical plants also vary in the degree of their parasitism ; 
thus the Mistletoe and the greater number of parasites are so 

Fig. 252. * 



far as their roots are concerned entirely dependent upon the 
plants on which they grow for their food ; while others, as the 
Dodder, obtain their food at flrst by means of the ordinary roots 
contained in the soil ; but after having arrived at a certain age, 
these perish, and their roots then derive their food entirely from 
the plants upon which they grow ; others, again, continue 
throughout their life to derive a portion of their food by means 
of roots imbedded in the soil. 

It will thus be seen that parasites differ from other plants in 
the fact that they do not live like them entirely on inorganic 
matters, but derive a portion of their food in an assimilated state 
from the plants on which they grow. 

Besides the parasites just described, there is also another 
class of plants called saprophytes, which, whilst agreeing with 
ordinary parasites in deriving their food from already formed 
organic material, differ from that latter class in growing on dead 
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organic substances, and therefore assimilating such matter which 
is in a state of decomposition or decay. Such plants are Mono - 
tropa , Corallorhiza innata , and Epipoginm, together with the 
greater number of Fungi. 

Duration of Roots. — Having now described the general 
characters and structure of the true or primary root , and of the 
adventitious or secondary root, we have in the next place to allude 
to certain differences which roots present depending upon their 
duration. Roots are thus divided into annual, biennial, and 
perennial. 

1. Annual Roots. — These are produced by plants which grow 
from seed, flower, and die the same year in which they are 
developed. In such plants the roots are always of small size, 
and either all spring from a common point as in annual Grasses 
{fig. 254), or the true root is small, and gives off from its sides 
a number of small branches. Such plants, in the process of 
flowering and maturing their fruits and seeds, exhaust all the 
nutriment they contain, and thus necessarily perish. 

2. Biennial Roots. — These are produced by plants which 
spring from seed one year, but which do not flower and ripen 
their seeds till the second year, when they perish. Such roots 
are commonly enlarged in various ways at the close of the first 
season, in consequence of their tissues becoming gorged with 
nutritious matters stored up for the support of the plant during 
its flowering and fruiting the succeeding season. The Carrot 
(fig. 262), and Turnip (jig. 264). afford us good examples of 
biennial roots. 

3. Perennial Roots. — These are the roots of plants which live 
for many years. In some such plants, as the Dahlia (fig. 258), 
and Orchis (figs. 256 and 257), the roots are the only portions 
of the plant which are thus perennial, their stems dying down 
to the ground yearly. Perennial roots are either of woody 
consistence, or more or less fleshy as in those of biennial plants. 
In the case of fleshy roots such as the Dahlia and Orchis, the 
individual roots are not in themselves perennial, but usually 
perish annually ; but before doing so, they produce other roots 
from some point or points of their substance ; hence, while the 
root as a whole is perennial, any particular portion may perish. 
Woody roots are commonly perennial in themselves, and are not 
renewed. 

Roots of Dicotyledonous, Monocotyledonous, and Aco- 
tyledonous Plants. — We have already seen that the stem 
possesses certain characteristic differences in its internal structure 
in the three great classes of Dicotyledonous, Monocotyledonous, 
and Acotyledonous plants. The roots of such plants in like 
manner possess similar distinctive structural characters, and also 
some others, which, although generally referred to previously, 
had better be briefly summed up here. 

1. The Root of Dicotyledonous Plants . — The root of these 
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plants is formed, as we have seen (page 120), by the direct 
elongation of the radicle of the embryo from the formation of new 
tissue just within its apex. Such a mode of root-development 
has been called exorhizal , and a root thus formed is called a true 
root. 

It follows from this mode of development that Dicotyledonous 
plants have generally a tap-root or descending axis {fig. 248, r), 
from which branches are given off in various directions, in 
the same maimer as such plants have also an ascending axis 
or stem, t, from which its branches arise. These tap-roots do 
not, however, commonly descend far into the ground, but their 
branches become much developed laterally ; in some cases even 
more so than those of the stem, while in others, as in plants 
of the Gourd tribe, and commonly in all succulent plants, to a 
less extent. 

In its internal structure the root resembles the stem except, 
as already noticed (page 121), that it has no pith or medullary 
sheath : hence the fibro- vascular tissue forms a central axis. This 
absence of pith and medullary sheath is general in Dicotyledonous 
herbaceous plants ; but there are some trees, as, for instance, the 
Walnut and Horsechestnut, where the pith is prolonged down- 
wards for some distance into the root. 

2. The Root of Monocot yledonous Plants. — In these plants the 
radicle does not itself, except in rare cases, become prolonged to 
form the root, but it generally gives off above its base one or 
more branches of equal size, which separately pierce the ra- 
dicular extremity of the embryo, and become the roots {fig. 
246, r) ; each of these roots is surrounded at its base, where it 
pierces the integuments, with a kind of cellular collar, termed 
the coleorhiza , co. Such a mode of root-development has been 
termed endorhizal. The roots of Monocotyledonous plants are 
therefore to be regarded as adventitious or secondary. 

From their mode of development it rarely happens that the 
plants of this class have tap-roots, but they have instead a 
variable number of roots of nearly equal size (fig. 254), which 
are accordingly termed compound. There are, however, excep- 
tions to this, as for instance in the Dragon-tree {fig. 193), which 
has a descending axis resembling the ordinary tap-root of Dico- 
tyledonous plants. 

Aerial roots are much more common in Monocotyledonous 
than in Dicotyledonous plants. We have already referred to 
them in the Screw-pine {fig. 188, 2), and other plants of this 
class. In many Palms they are developed in great abundance 
towards the base of the stem, by which this portion assumes a 
conical appearance, which is at once evident by the contrast it 
presents to the otherwise cylindrical stem of such trees. In its 
internal structure the root of a Monocotyledon corresponds to 
that of the stem in the same class of plants. 

3. The Root of Acotyledonous Plants . — Such plants, as we have 

K 
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seen (pftge 11), have no true seeds containing an embryo, bat are 
propagated by spores, from which roots are developed in a very 
irregular manner ; and hence this mode of root-development 
has been called heterorhizal. Such roots are therefore all ad- 
ventitious ; and resemble those of Monocotyledonous plants in 
being compound. When the stem has become developed it 
soon also gives origin to other aerial adventitious roots, by which 
such plants are chiefly supported, Hence aerial roots are very 
common in Acotyledons, as they are in Monocotyledons ; indeed, 
in Tree-ferns as in many Palms, these roots are so abundant at 
the base of the stem, that they sometimes double, triple, or still 
further increase its normal thickness (Jig. 13, ra ), and hence 
give to the lower part of such stems a conical form. The internal 
structure of the root of Acotyledons in all essential characters 
resembles that of the stem in the same class of plants. 

Forms of Roots. —When a root divides at once into a num- 
ber of slender brandies or rootlets, or if the primary root is but 

Fio. 251. 



little enlarged, and gives off from its sides a multitude of similar 
branches, it is called Jibrous. Such roots occur commonly in 
annual plants, and may be well seen in annual Grasses (Jig. 254), 
and in bulbous plants (Jigs. 237 and 238). 

Coralline Root. — This name is applied to a root which con- 
sists of a number of succulent branches of nearly equal size, and 
arranged like apiece of coral (Jig. 255), as in Corallorrhiza innata. 

Tnberculaied Root. — When some of the divisions of a root 
become enlarged so as to form more or less rounded, oval, or egg- 
shaped expansions (Jig. 256), the root is said to be tnberculaied , 
and each enlargement is called a tnbercule. Such a root occurs 
in various terrestrial Orchids, the Jalap plant, &c. These tuber- 
cules must not be confounded with tubers, which have been 
already described as subterranean modifications of the stem. 
The presence of eyes or buds on the latter at once distinguishes 
them. In many Orchids, as for instance the Orchis maculata f the 
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tubercules are divided at their extremities, so that the whole 
resembles the human hand (fig. 257); they are then said to be 
palmated, and the root is also thus termed. 




Fig. 256. Tubercular roots of an Orchid. Fig 257 Palmated tubercules of 

an Orchis. 

Fig. 258. Fig 259. 




Fig 258. Fasciculated roots of the Dahlia. Fig. 259. Nodulose root of the 

common Dropwort (Spiraea Filipendula). 

Fasciculated , Clustered , or Tufted Boot . — These names are 
applied indifferently to a root which consists of a number of 
tubercules arising from a common point, as in the Dahlia (fig. 
258), and Bird’s-nest Orchid (Neottia Nidus-avis). 
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Nodulose , Annulated, and Moniliform or Necklace-shaped 
Roots . — These terms are applied to roots which are expanded only 
Fig. 260. ft t certain points. Thus, when the branches 
are enlarged irregularly towards the ends, as 
in the common Dropwort, the root is nodulose 
(fig. 259) ; when the branches have alternate 
contractions and expansions, so as to present 
a beaded appearance, as in Pelargonium hide, 
the root is moniliform , necklace-shaped , or 
beaded (fig. 260) ; and when the root has a 
number of ring-like expansions on its surface, 
as in Ipecacuanha, it is annulated (fig. 261). 

The above forms of roots, with few ex- 
ceptions, are those which are commonly 
observed in plants which have no true tap- 
root. Those which have now to be described 
Fig. 260. Moniliform owe their special forms to modifications of 
joot. the latter kind of root. 



Fig. 261. 


Fig. 262. 



Fig. 261. Annulated root of Ipecacuanha ( Cephctblis lpecacu 

anha ). Fig. 202. Conical root of the common Carrot 

( Dauctu larota). 



Conical Boot . — When a tap-root is broad at its base, and 
tapers towards the apex, it is termed conical (fig. 262). The 
roots of Monkshood (Aconitum Napellm ), Parsnip (Pastmaca 
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sativa), and Carrot (Daucus Carota) (fig. 262), are familiar ex- 
amples of this form of root. 

Fusiform Boot. — This term is applied to a tap-root which 
swells out a little below its base, and then tapers upwards and 
downwards (fig. 263). The common Radish, and Beet (Beta 
vulgaris ), may be taken as examples. 

Napiform Root. — This name is given to a root which is much 
swollen at its base, and tapers below into a long point, the whole 
being of a somewhat globular form (fig. 264). It occurs in a 
variety of the common Radish, which is hence called the Turnip- 
radish; in the common Turnip (fig. 264), and in some other plants. 

Fig. 263. 



Fig. 264. 


Fig. 265. 




Fig. 263. Fusiform root of the 
common Radish ( Raphanus 

sativus). Fig. 264. Napi- 

form root of the Turnip 

( Brassica Rapa). Fig. 

265. Placentiform root of 
the Sow-bread ( Cyclamen 
euvopceum). 


When what would be otherwise a napiform root becomes com- 
pressed both at its base and apex so that it has no tapering ex- 
tremity, it is sometimes termed placentiform (fig. 265). It occurs 
in the Sow-bread (Cyclamen europseum). 

Some botanists regard the roots of the Radish, the Turnip, 
the Cyclamen, and some others, as really enlarged stems. We 
have, however, placed them here, in accordance with the more 
commonly accepted views of their nature, and on account of their 
importance in practical Botany. The two next described forms 
of roots are also more properly rhizomes, but it is convenient to 
notice them here, and so long as their nature is understood no 
confusion can arise. 
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Contorted or Twisted Boot . — When a tap-root, instead of pro- 
ceeding in a more or less straight direction, becomes twisted, as 
in the Bistort {fig. 266), the root is said to be contorted or 
twisted 

Fig. 267. 



Fig. 266. Contorted root or rhizome of Bistort ( Polygonum Butorta). 

Fig. 267. Praemorse root or rhizome of the Devil's- bit Scabious ( Scabiosa 
succisa). 


Prsemorse Root . — When the main root ends abruptly, so as to 
present the appearance of having been bitten off, it is called 
abrupt , truncated , or preemorse {fig. 267). We have a good 
example of this form of root in the Devil’s-bit Scabious, which 
plant has received its common name from a superstitious opi- 
nion connected with this peculiar bitten-off appearance of its 
root. 


Section 3. The Leap ok Phyllome. 

1. GENERAL DESCRIPTION AND PARTS OF THE LEAF. 

The leaf maybe defined as a lateral development of the stem 
or of a branch. In the lowest leaf-bearing plants, as Mosses, it 
consists entirely of parenchyma ; but in the higher classes of plants 
the leaf usually contains, in addition to the parenchyma, a frame- 
work or skeleton, consisting of wood-cells or liber-cells, or both, 
and vessels, all of which structures are in direct connection with 
similar parts of the fibro- vascular system of the stem. We dis- 
tinguish therefore, in such leaves, as in the stem and branch, both 
a parenchymatous and a fibro- vascular system— the former con- 
stituting file soft parts, and the latter the hard parts, which act 
as a mechanical support to the leaf, and, by their ramification, 
form what are called veins or nerves. The leaf is therefore an ap- 
pendicular organ of the stem, but it differs from the latter organ 
in the order of its development ; for while in the stem the apex is 
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the youngest part, the reverse is the case in the leaf, where the 
apex is first formed and consequently the oldest, and is gradu- 
ally pushed outwards by the formation of the other parts between 
it and the stem. 

The part of the stem or branch from which a leaf arises is 
called a node , and the space between two nodes an internode. 
The portion of the leaf next the stem is termed its base , the 
opposite extremity the apex , and the lines connecting the base 
and apex the margins. The leaf is commonly of a flattened 
nature, and has only two surfaces ; but when the parenchyma is 
greatly developed the leaf becomes thick and fleshy, and is 
said to be succulent, and, in such cases, it has frequently more 
than two surfaces. The terms upper and lower are applied to 
the two surfaces of ordinary leaves, because in by far the greater 
number of plants such leaves are placed horizontally, so that one 
surface is turned upwards, and the other downwards. We shall 
find however, hereafter, that there are certain leaves which are 
placed vertically, as those of some species of Acacia and Eu- 
calyptus, in which case the margins are turned upwards and 
downwards instead of the surfaces. The angle formed by the 
union of the upper surface of the leaf with the stem is called the 
axil , and everything which arises out of that point is said to be 
axillary to the leaf ; or, if from the stem above, or below the axil, 
it is extra-axillary, or, as more generally described when above, 
snpm-axillary ; if below, infra-axillary. 

Duration and Fall of the Leaf. —The leaf varies as regards its 
duration, and receives different names accordingly. Thus, when 
it falls off soon after its appearance, it is said to be fugacious or 
caducous ; if it lasts throughout the season in which it is deve- 
loped, it is deciduous or annual ; or if beyond a single season, or 
until new leaves are developed, so that the plant is never without 
leaves, it is persistent , evergreen , or perennial. 

When a leaf separates from the stem, it either does so by 
decaying upon it, when it is said to be non-art iculated ; or by an 
articulation, in which case it is articulated. The remains of a 
non-articulated leaf, as they decay upon the stem, are some- 
times called reliquiae or induviae, and the stem is said to be %n- 
duviate. When a leaf separates by an articulation, it leaves a 
scar or cicatrix (Jig. 203, 6, b). 

Parts of the Leaf. — The leaf in the highest state of develop- 
ment consists of three distinct parts ; namely, of an expanded 
portion, which is usually more or less flattened (figs. 208 and 
269, l ), called the lamina , or blade ; of a narrower portion, 
by which the lamina is connected with the stem, termed the 
petiole or leaf-stalk (p) ; and of a portion at the base of the 
petiole, or of the lamina if the petiole is absent, which either 
exists in the form of a sheath or vagina (fig. 268, d), encircling the 
stem, or as two little leaf -like appendages on each side, which are 
called stipules (fig. 269, s, s). 
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These three portions are by no means always present, though 
such is frequently the case. Thus, the leaves of the Water 

Fig. 268. 



Fig. 268. Leaf and piece of the stem of Polygonum Ilydropiper. 1. Lamina 

or blade, p. Petiole, d. Sheath or vagina. Fig. 269. Leaf and portion 

of a branch of Salix aurita. r. Branch, b. Bud. 1. Lamina with the 
upper portion removed, and attached by a petiole, p, to the stem, s, s. 
Caulinary stipules. 


Fig. 270. 


Pepper (Jig. 268), and of the Trailing Sallow (Jig. 269), may be 
taken as illustrations of the most highly developed leaves, 
namely, — those in which all the parts are 
found ; but in many plants one of these 
parts is absent, and in some two, so that 
the leaf is in such cases reduced to but two, 
or one of its portions only. The petiole 
and the sheath or stipules are those parts 
which are more commonly absent. When 
the petiole is absent, the leaf is said to be 
sessile (Jig. 281) ; when the stipules are 
absent, it is egcstipulate (Jig. 285). The 
lamina or blade is that part which is most 
commonly present. The leaf is called 
simple if there is but one blade (Jigs. 268 
and 269), or compound if this is divided 
into two or more separate parts (Jig. 
270). The lamina of the leaf is usually 
that part also which is most developed, 
which performs the most important func- 

Fig. S70. Compound loaf of tionB ° f the lea *- and whic , h is in Otdi- 
Robinia puudo - acacia , nary language known under the name of 
witti spiny stipules at its l ea f. It is the part, therefore, which will 
' ase< come more particularly under our notice ; 

but before we proceed to describe it and the other parts of the 
leaf separately, it will be necessary for us to treat of the interned 
structure of leaves, and of their insertion and arrangement. 
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2. THE INTERNAL STRUCTURE OF LEAVES. 


Leaves with reference to their structure are divided into 


aerial and submersed ; by the former is to be understood those 
that are developed and live entirely or partially in the air ; by the 
latter, those that are formed and dwell wholly immersed in water. 

1. Aerial Leaves. — In the lowest leaf-bearing plants, such 
as Mosses, the leaves consist, as we have seen, simply of paren- 
chymatous tissue, formed by the growing outwards of the paren- 
chyma of the circumference of the stem or branch ; while in the 
majority of the higher plants they contain, in addition to this 
parenchyma, a framework or skeleton formed of wood-cells or 
liber-cells, or of both, and vessels of different kinds, all of which 
are in direct connection with corresponding parts of the fibro-vas- 
cular system of the stem or branch. We distinguish therefore, 
in such leaves, as in the stem and branch, both a parenchymatous 
and a fibro- vascular system, the former constituting the soft 
parts or the parenchyma of the leaf ; the latter the hard parts, 
which by their ramification form what are called reins or nerves. 

The whole of the leaf is covered by the epidermis, which is 
commonly furnished with stomata in 


the manner already described. The 
stomata are, however, almost confined 
to that portion of the epidermis which 
corresponds to the parenchyma of the 
leaf. The epidermis is also furnished 
with various appendages, as Hairs, 
Glands, and their several modifications. 
The epidermis and its appendages 
having been already fully described 
under their respective heads, it now 
remains only to allude to the fibro- vascu- 
lar and parenchymatous systems of the 
leaf which are situated between the epi- 
dermis of its upper and lower surfaces. 

a. Fibro-vascnlar System . — This is in 
direct connection with that of the stem 
or branch in the three great classes of 
plants respectively. We shall direct 
our attention more especially to that of 
the leaves of Dicotyled mous plants. 

The fibro- vascular system in such 
plants is in by far the majority of cases 
double , that is, it consists of an upper 
layer which iB in connection with the 


Fig. 271. 



Fig. 271. Fibro- vascular tissue 
passing from a branch, b y of 
an herbaceous Dicotjledonous 
plant into the petiole, p. «. 
Articulation between the pe- 
tiole and the branch from 
which it arises. /, L Spiral 
and annular vessels. f,f. 
Wood-cells. I, I. Liber-cells. 


fibro-vascular system of the wood (Jig. 

271 , t, /); and of a lower which is continuous with the liber 
(£). The upper layer therefore corresponds in its structure to 
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the wood , and the lower to the liber ; hence the former is com- 
posed of spiral and pitted vessels m perennial plants, and of spiral 
and annular or some other vessels in herbaceous plants (fig. 271, 
t), and also in all cases of wood-cells, /, besides the above-named 
vessels ; while the latter consists essentially of liber-cells, l , l , 
and laticiferous tissue. To whatever extent the fibro- vascular 
system may branch, each division of the upper layer accurately 
corresponds at its extremity with a similar division of the lower 
layer. Tins double layer of the fibro- vascular system is readily 
seen in what are called skeleton leaves , namely, those in which the 
parenchyma between the veins has been destroyed by maceration 
in water or by other means. Thus the leaves lying m a damp 
ditch m the winter will afford us good illustrations of these, and 
those which have been artificially prepared by maceration for a 
sufficient time in acidulated water, or in other ways. The 
ramification of the fibro-vascular system in the lamina of the leaf 
forming the veins or nerves will be described presently under 
the head of venation. (See page 151.) 

Fig. 272. 



Fiq. 272. Vertical see* ion of a leaf of the Melon, highly magnified, es. Epi- 
dermal tissue of the upper surface, furnished v ith hairs, p, and stomata, 
st. ei. Epidermal tissue of the lower surface, with the hairs arising from 
it. ps. Three lasers of upper parenchymatous cells, pi. Parenchymatous 
cells near to the epidermal tissue of the lower surface. fv,fv Fibro- 
Tascular bundles in, m Cavities connected with the stomata. I, l. Cavi- 
ties between the loose spongiform parenchyma. Fig. 27S. Vertical sec- 

tion of a leaf of the White Lily highly magnified, showing the epidermis 
of both the upper and lower surfaces, with the intervening parenchyma. 

b. Parenchyma or Mesophyll.—Bj this we understand the 
parenchymatous tissue which is situated between the epi- 
dermis of the upper and lower surfaces of the leaf (fig. 272, 
ps 9 pi), and which surrounds the ramification of the fibro- 
vascular system, fv. The parenchymatous tissue which is found 
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in immediate contact with the under surface of the epidermis of 
the upper surface of the leaf is sometimes distinguished by the 
name of hypoderma (Jig. 92). The parenchyma varies in amount 
in different leaves ; thus, in ordinary leaves it is moderately 
developed, and the leaves are then thin and flattened ; while in 
other leaves it is formed in large quantities, when they become 
thick and fleshy, and are termed succulent. In ordinary flat 
leaves all the cells composing the parenchyma are commonly green 
from containing chlorophyll granules ; but in succulent leaves 
the cells in the centre of the parenchyma are usually colourless. 

The parenchyma also varies in the form and arrangement of 
its component cells in different parts of the same leaf : thus in 
ordinary flat leaves we find beneath the epidermis of the upper 
surface one (Jig. 273), two, or three layers of oblong blunt cells 
(Jig. 272, ps), placed perpendicularly to the surface of the leaf. 
These cells are packed closely together, leaving few or no inter- 
cellular spaces ; the result of this close packing is to protect the 
cells beneath which are filled with fluid, from parting too rapidly 
with their moisture under the drying influence of the sun’s rays. 
This tissue is sometimes termed palisade parenchyma. Hab- 
erlandt has recently stated that in several plants these pali- 
sade cells are not single cells but branches of cells. The form 
and arrangement of the cells beneath the epidermis, ex , of the 
lower surface are entirely different ; thus, here the cells, pi , are 
loosely connected and have numerous large spaces, Z, Z, between 
them ; they are also frequently very irregular in form, present- 
ing commonly two or more projecting rays (Jig. 273), which 
become united with similar projections of the cells next them, 
and thus leave between them numerous spaces which communi- 
cate .freely with each other, and form a spongiform parenchyma. 
These spaces are also connected with the stomata, which, as we 
have already seen, are generally most abundant on the epi- 
dermis of the lower surface, and thus a free communication 
is kept up between the interior of the leaf and the external 
air, which is essential to the due performance of its functions. 

Such is the general arrangement of the parenchyma of aerial 
leaves, but it is subject to various modifications in those of 
different plants. Thus in leaves which have their margins 
turned upwards and downwards instead of their surfaces, the 
arrangement of the parenchyma is similar beneath the epidermis 
of both the surfaces ; while in succulent leaves the parenchyma 
is composed of cells which are usually larger than those of ordi- 
nary leaves, and closely compacted, or with but few interspaces. 
In the floating leaves of aquatic plants, again, the spongiform 
parenchyma is beneath the epidermis of the upper surface, and 
the compactly arranged cells next that of the under surface, the 
position of the two being here completely reversed. 

2. Submersed Leaves. —These leaves are entirely made up 
of parenchyma, the so-called veins being composed simply of 
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more or less elongated parenchymatous cells. Such leaves are 
generally very thin, only containing two or three layers of cells, 
so that all the cells are nearly in contact with the water in which 
they are placed. The cells are disposed very regularly and have 
no interspaces, but all contain chlorophyll granules. In sub- 
mersed leaves, however, which are thickened, we find large cavi- 

Fig. 274. 



Fig. 274 . Vertical section of a leaf of a Poiamogeton , highly magnified. 

i, t. Air cavities, r. Parenchymatous cells containing chlorophyll granules. 

ties which are very regular in their form and arrangement (jig. 
274, i, i) ; these contain air, by which the specific gravity of the 
leaf is diminished and it is thus enabled to float in the water. 
Submersed leaves have no true epidermal layer, and no stomata, 
both of which would be useless from their being always exposed 
to similar hygrometric conditions. 

3. INSERTION AND ARRANGEMENT OF LEAVES. 

1. Insertion. — The point by which a leaf is attached to the 
stem or branch is called its insertion. Leaves are inserted on 
various parts of the stem and branches, and receive different 
names accordingly. Thus the first leaves which are developed 
are called cotyledons (fig. 16, c, c), nursing , or seminal ; the 
latter term however is a bad one, because it would indicate 
that these are the only leaves that exist in the seed, which is 
not the case, as the gemmule or plumule (fig. 14, n) also pos- 
sesses rudimentary ones. The cotyledons are usually very dif- 
ferent in their appearance from the ordinary leaves which suc- 
ceed them. The first leaves which appear after the cotyledons 
are termed primordial (fig. 16, d , d) ; these, and the cotyledons, 
generally perish as soon as, or shortly after, the development 
of the other ordinary leaves. Leaves are called radical when 
they arise at, or below, the surface of the ground, and thus appa- 
rently from the root, but really from a shortened stem, or crown 
of the root as it is commonly called. Leaves are thus situated in 
what are termed acaulescent plants, such as the Dandelion and 
Primrose. The leaves which arise from the main stem are called 
centime ; those from the branches ramal ; and those from the 
base of, or upon the flower-stalks, floral leaves or bracts (figs. 22 
and 23, b. b). 
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When a leaf arises from the stem by means of a petiole it is 
said to be stalked or petiolate (Jig. 269, p) ; when the blade of a 
leaf is fixed to the petiole by a point more or less within its 
margins, as in the Indian Cress (Jig. 275), and Castor Oil plant 
(Jig. 327), the leaf is termed peltate or shield-shaped ; when the 


Fig. 275. 



Fig. 275. Peltate leaf ot 
the Indian Cress (TVo- 

pceolum). Fiq. 276 

Amplexicaul petiole ot 
Angelica. 


Fig. 27C. 



petiole is absent, so that the blade arises directly from the stem, 
it is said to be sessile (Jig. 281) ; when a leaf is enlarged at its 
base and clasps the stem from which it springs, it is amplexicaul 
or embracing (Jig. 276), as in Fool’s Parsley ; or if it forms a 
complete sheath around it, as in Grasses generally (Jigs. 277 

Fig. 277. Fig. 279. 



Fig. 277. Sheathing leaf of a Grass. Ftq. 278. Decurrent leaf of a species 

of Thistle. Fig. 279. Perfoliate leaf of a species of llare’s-ear ( Bupleu - 

rum rotundifolium). Fig. 280. Connate loaves of a specie# of Honey- 

suckle ( Lonicei'a Caprifolium). 
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and 369, g), it is said to be sheathing. When a leaf is prolonged 
from its base, so as to form a winged or leafy appendage 
down the stem, as in Thistles, it is decurrent (fig. 278) ; when 
the two sides of the base of a leaf project beyond the stem 
and unite, as in the Hare’s-ear ( fig. 279), it is said to be perfo- 
liate, because the stem then appears to pass through the blade ; 
or when two leaves placed on opposite sides of the stem unite 
more or less by their bases, they are said to be connate , as in 
the Teasels and some species of Honeysuckle (fiq. 280). 

2. Arrangement of Leaves on the Stem or Phyllotaxis. — 
When only one leaf arises from a node, the leaves as they succeed 
each other are placed alternately on different sides of the stem, 
and are then said to be alternate (fig. 284). Wlien two leaves 
are produced at a node, they are usually situated on opposite 
sides of the stem, in which case they are described as opposite 
(fig. 282) ; or when three or more leaves arise from the stem so 


Fig 281 . 



Fig. 282 . 



hy 281. Whorled leaves of a species of Galium. Fig . 282. Decussate 

leaves of Pimelea decussata 


as to be arranged around it in the form of a circle, th u y are called 
verticillate or whorled (fig. 281), and each circle is termed a 
verticil or whorl. When leaves are opposite, the pairs as they 
succeed each other usually cross at right angles, in which 
case they are said to decussate (fig. 282), and the arrangement is 
called decussation. When different whorls succeed each other 
it also frequently happens that a somewhat similar arrangement 
occurs, thus the leaves of one whorl correspond to the intervals 
of the whorl below it. There are, however, commonly great 
irregularities in this respect, and in some cases the number of 
leaves in the successive whorls vary, by which their arrangement 
becomes still more complicated. This is the case for instance 
in Lysimachia vulgaris. 

Only one leaf can arise from the same point, but it some- 
times happens that, by the non-development of the internodes of 
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an axillary bran ch, all the leaves of that branch are brought close 
together, in which case they form a tuft or fascicle (fig. 283), and 
the leaves are then said to be tufted or fascicled. Such an ar- 
rangement is well seen in the Barberry and Larch. That 
fascicled leaves are thus produced is rendered evident by the fact, 
that in the young branches of the Larch the internodes be- 
come elongated and the leaves are then separated from each 
other. 

The laws which regulate the arrangement of leaves upon the 
stem have of late years been carefully investigated ; and when we 
consider that all the organs of the plant which succeed the leaves 
are formed on the same plan, and follow similar laws, the 
determination of these laws must be considered to be a matter 
of much importance. It has been supposed by some that 
the arrangement of the leaves varies m the different classes of 
plants : thus, that in Dicotyledons where the cotyledons or first 
leaves which are developed are opposite, the regular arrange- 
ment of the leaves in such plants is to be opposite or whorled 
also ; and that when they become alternate, this arises from 


Fig. 28,'J. 



Fig. 283. Fascicled or tufted leaves of tbe 

Larch. Fig. 284. A portion of a branch 

of the Cherry-tree with six leaves, the 
sixth of which is placed vertically over 
f he flrsb. The right-hand figure is tbe 
same branch magnified, the leaves 
having been removed, and numbers 
placed to indicate the points ot their 
insertion. 


Fig 284 



the prolongation or extension of the nodes ; while in Mono- 
cotyledons on the contrary, which have normally but one coty- 
ledon, that the regular position of the leaves is alternate , and that 
when they become opposite or whorled, this arises from the 
non-development or shortening of the successive internodes. 
The investigations, however, of Bonnet, nearly a century ago, 
tended to prove that all leaves and their modifications have 
normally a spiral arrangement on the stem ; and he was led to 
this belief by observing that if a line be drawn from the bottom 
to the top of a stem, so as to touch in succession the base of the 
different leaves upon its surface, it would describe a spiral 
around it. He found also, that the relation of the leaves to one 
another was constant, each being separated from the other by an 
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equal distance, so that if we started with any particular leaf and 
waited until another leaf was reached which corresponded ver- 
tically with it, and then proceeded to the leaf beyond this, we 
should find that this would also correspond vertically with the 
one next above that which we started from, and so on each 
successive leaf would be placed vertically over one of the leaves 
below, but that in all cases in the same plant, the number of 
leaves between the one started from, and that which corre- 
sponded vertically with it, would be always the same. Thus if 
we take a branch of the Apple or Cherry-tree {fig. 284), and 
commence with any particular leaf which we will mark i, and 
then proceed upwards connecting in our course the base of 
succeeding leaves by a line or piece of string, we shall find 
that we shall pass the leaves marked 2, 3, 4, and 5, but that 
when we reach the one marked 6, that this will correspond 
vertically with the 1 st, and then proceeding further, that the 
7th will be directly over the 2nd, the 8th over the 3rd, the 9th 
over the 4th, the 10th over the 5th, and the 11th over the 6th 
and 1st, so that in all cases when the sixth leaf is reached, 
including the one started from, a straight line might be drawn 
from below upwards to it, and that consequently there were five 
leaves thus necessary to complete the arrangement. Bonnet 
also discovered other more complicated arrangements in which 
more leaves were necessary for the purpose. His ideas were 
little attended to at the time ; but of late years by the 
researches of Schimper, Braun, Bravais, and others, his views 
have been confirmed and considerably extended, and it has 
been shown that the spiral arrangement is not only uni- 
versal, but that the laws which regulate it may be reduced to 
mathematical precision, the formulae representing the relative 
position of leaves in different plants varying, although always 
constant for the same species. The examination of these laws 
further than to show that the regular arrangement of leaves 
and their modifications is in the form of a spiral around the 
stem, having at present no practical bearing in Botany, however 
interesting they may be in a mathematical point of view, would 
be out of place here ; we shall confine ourselves therefore to the 
general discussion of the subject, and as alternate leaves are 
those which will enable us to do so with most facility, we shall 
allude to them first. 

1. Alternate Leaves . — If we refer again to the arrangement of 
the leaves in the Cherry or Apple, we shall find that before we 
arrive at the sixth leaf {fig. 284), which is over the first, the 
string or line used to connect the base of the leaves will have 
passed twice round the circumference of the branch. The point 
where a leaf is thus found, which is placed in a straight line, or 
perpendicularly over the first, shows the completion of a series 
or cycle , and thus in the Cherry and Apple the cycle consists of 
five leaves. As the five leaves are equidistant from each other, 
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and as the line which connects them passes twice round the stem, 
the distance of one leaf from the other will be § of its circum- 
ference. The fraction §, therefore, is the angulcvr divergence , or 
size of the arc interposed between the insertion of two succes- 
sive leaves, or their distance from each other expressed in parts 
of the circumference of the circle, that is § of 360° - 144° ; the 
numerator indicates the number of turns made in completing the 
cycle, and the denominator the number of leaves contained in it. 
The successive leaves as they are produced on the stem, as we 
have seen, are also arranged in similar cycles. This arrange- 
ment in cycles of five is by far the most common in Dicotyledonous 
plants. It is termed the quincnncial, pentastichous , or five-ranked 
arrangement. 

A second variety of arrangement in alternate leaves is that 
which is called distichous or two-ranked. Here the second leaf 
is above and directly opposite to the first (fig. 285), and the 

Fig. 285. Fig. 286. 



Fig. 285. Portion of a branch of the Lime-tree, with four leaves arranged in 

a distichous or two-ranked manner. Fig. 28C. Portion of a branch with 

the base of the leaves of a kind of Carex, showing the tristichous or three- 
ranked arrangement. The numbers indicate the successive bases of the 
leaves. 

third being in like manner opposite to the second, it is placed 
vertically over the first, and thus completes the cycle, which 
here consists of but two leaves ; the fourth leaf again is over the 
second, and the fifth over the third and first, thus completing a 
second cycle ; and so on with the successive leaves. Here one 
turn completes the spiral, so that the angular divergence is £ the 
circumference of a circle, or $ of 360° = 180°. This arrangement 
is the normal one in all Grasses, and many other Monocotyle- 
donouB plants ; and the Lime-tree (Jig. 285), and other Dicotyle- 
donous plants, exhibit a similar arrangement. 

A third variety of arrangement in alternate leaves is the 

L 
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tristichous or three-ranked (fig. 286). Thus, if we start with any 
leaf, and mark it No. 1, and then pass to 2, 3, and 4, we shall 
find that we shall make one turn round the stem, and that the 
fourth leaf is vertically over the first, and thus completes a cycle 
composed of three leaves. In like manner, the fifth leaf will be 
over the second, the sixth over the third, and the seventh over 
the fourth and first, thus completing a second cycle ; and so on 
with the succeeding leaves. Here the angular divergence is 
or one turn and three leaves, that is ^ of 360° = 120°. This 
arrangement is by far the more common one among Monocotyle- 
donous plants, and may be considered as the most characteristic 
of that class of plants, just as the pentastichous arrangement is 
of Dicotyledons. 


Fig. 287. 



Fig. 287. Pineapple fruit ( Sorovis ), surmounted bv a rrown of empty bracts. 

Fig. 288. Cone or fruit of the Scotch Fir. 

A fourth variety of Phyllotaxis in alternate leaves is the 
octastichons or eight-ranked. Examples of this variety occur in 
the Holly and Aconite. In this the ninth leaf is over the first, 
the tenth over the second, the eleventh over the third, and so 
on : thus taking eight leaves to complete the cycle ; and, as the 
spiral line here makes three turns round the stem, the angular 
divergence will be | of the circumference, that is § of 360° = 135°. 

The above are the more common varieties of Phyllotaxis ; 
but a number of others also frequently occur, as A A, §J, §§, 
*fec. Other varieties met with are §, f, A ? ^ &c. . a i s ’ 0 

h b if tW si f 5 a ^ 80 others of a rarer occurrence. 

These become more complicated as the number of leaves, &c. , 
in the spire is increased ; but in those cases where the leaves, 


PHYLLOTAXIS. — OPPOSITE AMD WHOELED LEAVES. 147 


&c., are so numerous as to be close to each other, as in the 
Screw-pine, the Pineapple {fig. 287), and in the fruit of Coni- 
ferous plants {fig. 288), the spiral arrangement is at once 
evident. 

By placing the fractions representing the angular divergence 
in the different varieties of Phyllotaxis side by side in a line, 

+ lviia • 1 1 2 3 J5_ _8_ 33 21 P rp . 1 1 2 _3_ J5_ _8_ _ 

mils . 3) 5) 8) 13) 21) 55) > 4) 6) 0) 14» 23) 37) 

see at once that a certain relation exists between them ; for the 

numerator of each fraction is composed of the sum of the nu- 
merators, and the denominator of the sum of the denominators 
of the two preceding fractions ; also in the first series, that the 
numerator of each fraction is the denominator of the next but 
one preceding. By applying this simple law therefore we may 
continue the series of fractions representing the angular diver- 
gence, &c., thus ; — tfcc. It should be mentioned 
with respect to the laws of Phyllotaxy, that they are frequently 
interfered with by accidental causes which produce corresponding 
interruptions of growth, so that it is then difficult, or altogether 
impossible, to discover the regular condition. 

All the above varieties of Phyllotaxis in which the angular 
divergence is such that by it we may divide the circumference 
into an exact number of equal parts, so that the leaves complet- 
ing the cycles must be necessarily directly over those commenc- 
ing them, are called rectiserial ; while those in which the diver- 
gence is such that the circumference cannot be divided by it 
into an exact number of equal parts, and thus no leaf can be 
placed precisely in a straight line over any preceding leaf, but 
disposed in an infinite curve, are termed cvrviserial. The first 
forms of arrangement are looked upon as the normal ones ; the 
latter will show the impossibility of bringing organic forms and 
arrangements, in all cases, under exact mathematical laws. 

We have thus endeavoured to show that when leaves are al- 
ternate, the successive leaves form a spiral round the axis. The 
spire may either turn from right to left, or from left to right. 
In the majority of cases, the direction in both the stem and 
branches is the same, and it is then said to be homodromous ; 
but instances also occasionally occur in which the direction is 
different, when it is called heterodrommis. 

2. Opposite and Whorled Leaves . — We have already observed 
with regard to these modifications of arrangement, that the suc- 
cessive pairs, or whorls of leaves, as they succeed each other 
(page 142), are not commonly inserted immediately over the 
preceding, but that the second pair {fig. 282), or whorl, is placed 
over the intervals of the first, the third over those of the second, 
and so on. Here, therefore, the third pair of leaves will be 
directly over the first, the fourth over the second, the fifth over 
the third, and so on. This arrangement occurs in plants of the 
Labiate order, and is called decussation, as previously noticed. 
In some cases the succeeding pairs, or whorls, are not thus 

l 2 
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placed directly over the intervals of those below, but a little on 
one side, so that we shall have to pass to some higher pair or 
whorl than the third, before we arrive at one which is placed 
directly over the first. Such arrangements, therefore, clearly 
show that the successive pairs and whorls of leaves are arranged 
in a spiral manner with regard to each other. Opposite leaves 
may be thus looked upon as produced by two spirals proceeding 
up the stem simultaneously in two opposite directions, and the 
whorl as formed of as many spirals as there are component 
leaves. 

3. Phyllotaxis m different Natural Orders y dec . — The alterna- 
tion and opposition of leaves is generally constant in the same 
species, and even in some cases throughout entire natural orders ; 
thus, the Borage order (Bwaginacese) have alternate leaves ; the 
Pink order ( Caryophyllace # ), opposite ; the Labiate order (La- 
biatse\ opposite and decussate ; the Leguminous order ( Lean - 
mimsse), alternate ; the Rose order (Rosacese), alternate, &c. 
While the opposition or alternation of leaves may be thus shown 
to be constant throughout entire natural orders, yet the change 
from one arrangement to another may be sometimes seen upon 
the same stem, as in the common Myrtle and Snapdragon. 
Other opposite- leaved plants also often exhibit an alternate ar- 
rangement at the extremities of their young branches when 
these grow very rapidly. In other cases alternate leaves may 
beoome opposite, or whorled, by the non-development of the 
successive intemodes by interruptions of growth ; or, if the whole 
of the intemodes of a branch become non-developed, the leaves 
become tufted or fascicled (fig. 283), as already noticed. Gene- 
rally, however, the relative position of leaves is so constant in 
the same species that it forms one of its characteristic distinctions. 

The arrangement of leaves probably influences, in some degree 
at least, the form of the stem and branches. Thus, a certain 
amount of alternation commonly leads to a rounded form of 
stem or branch, an opposite or whorled arrangement, to an 
angular stem or branch ; for instance, the Labiate order of 
plants, which have opposite and decussate leaves, have square 
stems ; in the Nermm Oleander , where the leaves on the young 
branches are placed in whorls of three, the stem has three angles ; 
and in the species of Galium and Rubia , which have whorled 
leaves, the stems are always angular. M. Cagnat and others 
have also endeavoured to show that the arrangement of the 
leaves has a direct influence upon the forms of the wood, bark, 
and pith ; either upon one of these parts only, or sometimes 
upon them all ; but, although some curious relations have been 
found to exist between the arrangement of the leaves and the 
form of certain parts of the stem, yet it is not possible at present 
to deduce any general laws regulating the relations between 
them. 

3. Arrangement of the Leaves in the Bud, or Verna- 
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t!on. — H aving now described the general arrangement of leaves 
when in a fully formed and expanded state upon the stem or 
branch, we have in the next place to allude to the different 
modes in which they are disposed while in a rudimentary and 
unexpanded condition in the bud. To these modifications the 
general name of Vernation (the spring state), or Prsefoliation has 
been applied. Under this head we include : — 1st, The modes in 
which each of the leaves considered independently of the others 
is disposed ; and, 2nd, The relation of the several leaves of the 
same bud taken as a whole to each other. In the first place we 
shall consider the modes in which each of the leaves considered 
separately is disposed. We arrange these again in two divi- 
sions : — 1st, Those in which the leaf is simply bent or folded ; 
and 2nd, Those where it is rolled. Of the first modification we 
have three varieties : — Thus, 1st, the upper half of the leaf may 
be bent upon the lower, so that the apex approaches the base 


Fig. 289. Fig. 290. Fig. 291. 



Fig. 292. Fig. 293. 




Fig. 295. 



Fig. 289. Vertical section of a reclinate leaf. Fig. 290. Transverse section 

of a conduplicate leaf. Fig. 291. Transverse section of a plaited or pli- 
cate leaf. Fiq. 292. Vertical section of a circinate leaf. Fig. 293. 

Transverse section of a convolute leaf. Fig. 294. Transverse section of 

a revolute leaf. Fig. 295. Transverse section of an involute leaf. 


{fig. 289), as in the Tulip-tree, it is then said to be reclinate or 
infiexed ; 2nd, the right half may be folded upon the left, the ends 
and midrib or axis of the leaf remaining immovable (fig. 290), 
as in the Oak and Magnolia, when it is called conduplicate ; or, 
3rd, each leaf may be folded up a number of times like a fan 
(fig : 291), as in the Sycamore, Currant, and Vine, when it is 
plaited or plicate. Of the second modification we have four 
varieties 1st, the apex may be rolled up on the axis of the 
leaf towards the base, like a crosier (fig. 292), as in the Sundew 
and Ferns, when it is circinate ; 2nd, the whole leaf may be 
rolled up from one margin into a single coil, with the other 
margin exterior (fig. 293), as in the Apricot and Banana, in 
which case it is convolute ; 3rd, the two margins of the leaf may 
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both be rolled inwards on the upper surface of the leaf, towards 
the midrib, which remains immovable (fig. 295), as in the 
Violet and Water-lily, when it is involute ; or, 4th, the two 
margins may be rolled outwards or towards the midrib on the 
lower surface of the leaf (fig. 294), as in the Dock and Azalea, 
in which case it is revolute. 

We pass now to consider, secondly, the relation of the several 
leaves of the same bud taken as a whole to each other. Of 
this we have several varieties which may be also treated of in 
two divisions : — 1st, those in which the component leaves are 
flat or slightly convey ; and 2nd, where they are bent or rolled. 
Of the first division we shall describe three varieties : — 1st, that 
in wdiich the leaves are placed nearly in a circle or at the same 
level, and in contact by their margins only, without o\ erlapping 
each other (fig. 290), when they are valvate ; 2nd, that in which 


Fig. 296 Fig. 297. 


Fig. 298. 



Fig. 299. Fig. 800. 



Fig. 301. 


Fig. 302. 



Fig. 296. Transverse section of a bud to show the leaves arranged in a val- 
vate manner. Fig. 297. Transverse section of a bud to show imbricate 

vernation. Fig. 29*. Transverse section of a bud to show twisted or 

spiral vernation. Fig. 299. Transverse section of a bud to show indu- 
plicate vernation. Fig. 300. Transverse section of a bud showing equi- 

tant vernation. Fig. 301 . Transverse section of a bud showing obvolute 

vernation. Fig. 302. Transverse section of a bud showing supervolute 

vernation. 

the leaves are placed at different levels, and the outer succes- 
sively overlap the inner to a greater or less extent by their mar- 
gins (fig. 297), as in the Lilac, and in the outer scales of the 
Sycamore, when they are said to be imbricate ; and 3rd, if when 
leaves are placed as in imbricated vernation, the margin of one 
leaf overlaps that of another, while it, in its turn, is overlapped 
by a third (fig. 298), the vernation is twisted or spiral. Of the 
second division, viz. where the component leaves of the bud are 
bent or rolled , we shall describe four varieties : — 1st, when invo- 
lute leaves are applied together in a circle without over- 
lapping ( fig. 299), they are said to be induplicate ; 2nd, if the 
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leaves are conduplicate, and the outer successively embrace and 
sit astride of those next within them as if on a saddle (fig. 

300) , as in Privet, and the leaves of the Iris at their base, they 
are equitant ; 3rd, if the half of one conduplicate leaf receives 
in its fold the half of another folded in the same manner (fig. 

301) , as in the Sage, the vernation is half-equitant or obvolute ; 
and 4th, when a convolute leaf encloses another which is rolled 
up in a like manner (fig. 302), as in the Apricot, the vernation 
is supervolute. 

The terms thus used in describing the different kinds of ver- 
nation are also applied in like manner to the component parts of 
the flower-bud, that is, so far as the floral envelopes are con- 
cerned, under the collective name of aestivation or prsefioration. 
We shall have therefore to refer to them again, together with 
some others, not found in the leaf-bud, when speaking of the 
flower-bud. 


4. LAMINA OR BLADE. 

We have already seen that the leaf (figs. 208 and 269) in its 
most highly developed state consists of three parts ; namely, of 
a lamina or blade , a petiole or stalk , and of a stipular or vaginal 
portion. We have now to describe each of these portions, com- 
mencing with the lamina or blade. 

Venation. — The term venation is applied generally to indi- 
cate the various modes in which the veins are distributed 
throughout fhe lamina. These veins have also been called 
nerves , and their distribution nervation ; but the latter terms, by 
indicating an analogy which does not exist between them and the 
nerves of animals, are better avoided ; hence we shall in future 
always use the terms veins and venation. 

In some plants, as Mosses, those living under water, <fcc., the 
leaves have no fibro- vascular skeleton, and consequently no true 
veins, and are hence said to be veinless ; while in succulent plants 
the veins are hidden more or less from view, in consequence of 
the great development of parenchyma, in which case the leaves 
are termed hidden-veined. 

In those leaves where the veins are well marked, they are 
subject to various modifications of arrangement, the more im- 
portant of which need only be mentioned here. Thus, when 
there is but one large central vein, proceeding from the base to 
the apex of the lamina, and from which all the other veins pro- 
ceed, such a vein is called the midrib or costa (fig. 303) ; or 
when there are three or more large veins, which thus proceed 
from the base to the apex (fig. 304), or to the margins (fig. 305), 
of the lamina, the separate veins are then termed ribs. The 
divisions or primary branches of the midrib, or of the separate 
ribs, are commonly called veins ; and their smaller ramifications 
veinlets. 
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There are two marked modifications of venation. In the 
first modification, the fibro-vascular tissue as it enters the lamina 
is either continued as the midrib (fig. 303), or it divides into 
two or more ribs (figs. 304 and 305) ; and from this midrib or 

Fig. 303 . Fig. 305 . 



Fig. 303. Leaf of the Cherry with lamina, petiole, and stipules. The lamina 
has serrate margins, and a large central vein is seen to proceed from the 
petiole to the apex of the leaf, and to give off from its sides the other 

veins. This central vein is termed the midrib. Fig. 304. Ribbed leaf 

of Cinnamon with entire margins. Fig. 305. Leaf of the Melon with 

dentate margins. The venation is said to be radiated or palmately- 

velned. Fig. 30fi. a. Parallel venation of a Grass; this variety of 

venation is commonly called straight- veined, b. A variety of parallel vena- 
tion sometimes termed curve- veined, as seen in the Banana. 

ribs other veins axe given off ; and from them, in like manner, 
smaller ramifications or veinlets arise, which unite with one 
another so as to form a kind of network. Or, in the second modi- 
fication, the fibro-vascular tissue is either continued as a midrib 
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from the base to the apex of the lamina, giving off from its sides 
other veins, which mn parallel to the margins, and which are 
simply connected by unbranched veinlets {figs. 300, 6, and 313) ; 
or it divides at once into several veins or ribs, which proceed from 
the base to the apex {fig. 311), or margins {fig. 312) of the blade, 
more or less parallel to each other, and are in like manner con- 
nected only by simple unbranched veinlets {fig. 305, a). The 
leaves which exhibit the first modification of venation are called 
reticulated or netted-veined leaves, and occur universally in Dico- 
tyledonous plants ; and those which present the second modifi- 
cation are termed parallel-veined leaves, and are characteristic 
with some few exceptions of Monocotyledonous plants. 

These two modifications are also subject to certain variations, 
some of which must be now noticed. 

1. Varieties of Reticulated or Netted Venation. 

There are two principal varieties of this kind of venation, 
namely, the feather-veined or pinnately-veined , and the radiated 
or palmately-veined. 


Fig. 307 . Fig. 308 . Fig. 309 . Fig. 310 . 



Fig. 307. Feather-veined leaf of the Spanish Chestnut. Fig. 308. Feather- 

veined leaf of the Oak. Its lobes are arranged in a plnnatifid manner. 

Fig. 309. Leaf of the Dead-nettle. The venation is the true netted, and its 

margins aie serrate. Fig. 310. a. Linear leaf. b. Tnple-nbbed leaf of 

the common Sunflower. 

. A* Feather- veined or Pinnately-veined. — In this variety the 
midrib either gives off lateral veins that proceed at once to 
the margins, and which are connected by numerous branching 
veinlets, as in the leaves of the Beech, Spanish Chestnut {fig. 
307), Holly, Oak {fig. 308) ; or the midrib gives off branches 
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from its sides, which proceed at first towards the margins, and 
then curve towards the apex, terminating finally within the 
margins, with which they are connected by small veins, as in 
the Dead-nettle (fig. 309), and Lilac. The latter modification 
of arrangement is sometimes termed true netted venation. 

B. Radiated or Palmately-veined. — This name is applied to a 
leaf which possesses two or more ribs that arise from at or near 
the base of the lamina, and diverge from each other towards its 
margins, and are connected by branching veins, as in the Melon 
(fig. 305) and Castor Oil plant (fig. 327). The ribbed venation , as 
seen in the Cinnamon (fig. 304), is but a modification of this 
variety, in which the ribs, instead of diverging from each other, 
run in a curved manner from at or near the base of the blade to 
the apex, towards which they converge ; such ribs being con- 
nected together by branching veins. If a ribbed leaf has three 
ribs proceeding from the base, it is said to be three-ribbed or tn- 
costate ; if five, five-ribbed or quingnscostate ; if more than five, 
multicostate. If the midrib of such a leaf gives off on each side, 
a little above its base, another rib, it is said to be triple-ribbed or 
triplicostate , as in the common Sunflower (fig. 310, b) ; or if 
two such ribs arise on each side of the midrib, it is termed 
quintuple-ribbed or quintuplicostate. These ribbed leaves have 
frequently a great resemblance to parallel-veined leaves, from 
which, however, they may be at once distinguished by their ribs 
being connected by branching veins. 

2. Varieties of Parallel Venation. 

The term parallel- veined is not strictly applicable in all cases, 
for it frequently happens that the veins are radiated, but from 
the difficulty of finding a name which will comprise all the modi- 
fications to which such leaves are liable, it must be understood 
that we apply the term parallel- veined to all leaves in which 
the main veins of the lamina are more or less parallel and simply 
connected by unbranched veinlets. 

There are certain characteristic variations of parallel vena- 
tion. Thus, the main veins may either proceed in a somewhat 
parallel direction from the base to the apex of the lamina, to 
which point they converge more or less (fig. 311), as in the 
ordinary ribbed variety of reticulated leaves already noticed, 
and are connected by simple unbranched transverse veinlets ; 
or they diverge from each other towards the circumference of 
the blade (fig. 312), as in the radiated- veined variety of reticu- 
lated leaves, and are likewise united by cross- veinlets. The 
leaves of Grasses, Lilies, and the common Flag, may be taken 
as examples of the first variety ; and those of many Palms of the 
second. 

Or, the leaves may have a prominent midrib, as in the 
feather-veined variety of reticulated venation, giving off from 



VENATION OF ACOTTLEDONOUS LEAVES, 


155 


its sides along its whole length other veins, which proceed parallel 
to each other in a straight or curved direction towards, and lose 
themselves in, the margins (Jigs. 313 and 306, b ) ; and are con- 
nected, as in the last variety, by unbranched veinlets. The 
Banana, the Plantain, and allied plants, furnish us with ex- 
amples of this variety. This latter variety is sometimes dis- 
tinguished as the curve-veined, the former being commonly known 
as the straight-veined or parallel- veined. 

Fig. 312. Fig. 313. 



^ f: 31 Loaf allowing- the variety of parallel venation usnalh called 

sraight- veined ; the margins ai e entire. Fiq. 312. Straight-veined variety 

F i?i venation. as seen in the leaf of the Fan Palm (Cham (Props). 

rig, si Curve- veined variety of parallel venation, as seen in the B -in ana. 
nate Forked venation of a Fern leaf (/; ond) ; the margins are cre- 

Venation of the Leaves of Acotyledonous Plants. — Besides the 
above varieties of reticulated and parallel venation as found in 
1-JicotyJedonousand Monocotyledonous plants, the leaves ( fronds ) 
o erns, and those of other Acotyledonous plants which possess 
vems, present us with a third variety ; thus, in these the primary 
venation may be feather- veined or radiated-veined, but the whole 
° ^ eir principal veins either divide afterwards in a forked 
manner (fig. 314), or their terminal ramifications are thus 
lvideci. Such a variety of venation has therefore been called 
Furcate ox forked. 
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The leaves of the three great classes of plants present us, 
therefore, with three different varieties of venation : thus, those 
of Dicotyledons are reticulated ; those of Monocotyledons pa- 
rallel ; and those of Acotyledons, forked. 

Composition. — Leaves are divided into simple and compound. 
Thus a leaf is called simple if it has only one blade (figs. 303 
and 304), however much this may be divided, so that the 
divisions do not extend to the midrib (fig. 320), or petiole (figs. 
326 and 327) ; or in some cases the divisions may even extend 
to the midrib, or petiole, but the leaf is still called simple when 
the parts into which the lamina is divided are attached by a 
broad base, as in fig. 323. (See Incision, page 158.) A leaf is 
termed compound , when the petiole divides so as to separate the 
blade into two or more portions, each of which bears the same 
relation to the petiole as the petiole itself does to the stem or 
branch from whence it arises (fig. 270). The separated portions 
of a compound leaf are then called leaflets or folioles ; and these 
may be either sessile (figs. 359-361), or have stalks (fig. 373), 
each of which is then termed a petiolule, stalklet, or partial petiole, 
and the main axis which supports them, the rachis or common 
petiole. The leaflets of a compound leaf may be 
generally at once distinguished from the separate 
leaves of a branch, from the fact of their being 
all situated in the same plane. 

A simple leaf has never more than one arti- 
culation, which is placed at the point where it 
joins the stem ; but a compound leaf frequently 
presents two or more articulations : thus, besides 
the common articulation to the stem, each of 
the separate leaflets may be also articulated to 
the common petiole. (See also page 174.) This 
character frequently forms a good mark of dis- 
tinction between simple and compound leaves, for 
although it is quite true that many compound 
leaves only present one articulation, and can then 
only be distinguished from those simple leaves 
which are divided to their midribs or petioles by 
Fig. 315. Leaf of the greater breadth of attachment of the divisions 
Orange (Citrus i n the latter instances ; yet, if such leaflets are ar- 
w1nged W ”petioie ticulated to the common petiole, their compound 
articulated to the nature is at once evident. The presence of 
lamina,/. more than one articulation is, therefore, posi- 

tive proof as to the compound nature of a leaf, 
but the absence of such articulation does not necessarily prove 
it to be simple, as is sometimes stated. We thus look upon 
the leaf of the common Orange, which consists of only a single 
blade (fig. 315, l ), as compound, because its petiole, p , is not 
only articulated to the stem, but the blade is also articulated 
to the petiole. There are, however, numerous instances of 
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leaves in a transitional state between simple and compound, so 
that it is impossible in all cases to draw a distinct line of 
demarcation between them. We shall now treat in detail of 
simple and compound leaves. 

1. Simple Leaves. — The modifications which simple leaves 
present as regards their margins, general outline, form, and other 
variations of their blades, are extremely numerous ; hence we 
require a corresponding number of terms to define them. These 
terms are also applied in a similar sense to describe like modi- 
fications of the other compound organs of the plant which possess 
a definite shape and form, as the parts of the calyx, corolla, &c.; 
and also to those of the stipules, and the leaflets of a compound 
leaf. It is absolutely necessary therefore that the student should 
become thoroughly acquainted at once with the more important 
modifications to which the blades of leaves are subject. It was 
thought by DeCandolle that the shape of the lamina depended 
upon the distribution and length of the veins, and the extent 
of parenchyma which is developed between them ; the general 
outline or figure being determined by the former, and the con- 
dition of the margins by the latter. But although these views 
have been proved to be incorrect in a scientific point of view, 
still, if this be borne in mind, it is convenient, to say the least, 
to study the almost infinite modifications of the lamina of leaves 
with reference to his views, as it is always found that there is a 
mutual adaptation between the venation of the leaf and its 
general outline. We shall therefore describe the various modi- 
fications of the lamina to some extent after this manner, and in 
doing so we shall divide our subject into five heads as follows : — 
1. Margins ; 2. Incision ; 3. Apex ; 4. General Outline ; 5. 
Form. 

1. Margins. — We have already stated that the condition of 
the margins is dependent upon the extent to which the 
parenchyma is developed between the veins of the lamina. 

Fig. 816 . 

a b c 

Fig. 316. Diagram of the margins of leaves, a. Bicrenate. b. Biserrate. 
c. Duplicato-dentate. 

Thus, if the parenchyma completely fills up the interstices 
between the veins, so that the margins are perfectly even, or free 
from every kind of irregularity, the leaf is entire (Jigs. 311 and 
315), as in the Orchis tribe. When the parenchyma does not 
reach the margins, but terminates at a short distance within them, 
so that the margins are indented, we have several modifications, 
which are distinguished by characteristic terms. Thus, if the 
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margins present sharp indentations like the teeth of a saw, and 
all point to the apex, the leaf is serrate {figs. 309 and 343), as 
in the common Dead-nettle ; or, if similar teeth point towards 
the base, the leaf is described as retroserrate ; if these teeth are 
themselves serrate, it is biserrate (figs. 316, 6, and 332), as in the 
Elm, and Nettle-leaved Bell-flower ; or when the margins are 
minutely serrate they are termed serrulate , as in Barosma serra- 
tifolia. When the teeth are sharp, but do not point in any parti- 
cular direction, and are separated by con cavities, the leaf is dentate 
or toothed (figs. 305 and 338), as in the Melon, and the lower 
leaves of the Com Bluebottle ; or when the teeth are themselves 

Fig. 317 . Fig. 318 . 



Fig. 317. Sinuated leaf of the Oak. Fig. 318. Spiny eaf of Holly (Ilex 

Aquifolinm), with wavy margins. 

divided in a similar manner, it is duplicato-dentate (fig. 316, c). 
When the teeth are rounded (figs. 314 and 344) the leaf is crenate, 
as in Horseradish, and Ground Ivy ; or if these teeth are them- 
selves crenate it is bicrenate (fig. 316, a) ; or when the leaf is mi- 
nutely crenate it is said to be crenulated. When the margins 
present alternately deep concavities and convexities it is sinuated , 
as in some Oaks (fig. 317). This kind of leaf is sometimes placed 
under the head of Incision ; it may be regarded as an intermedi- 
ate condition between a toothed leaf and one that is pinnatifid 
(fig. 308). When the margins are slightly sinuous or wavy, as 
in the Holly (fig. 318), they are said to be wavy or undulated ; 
or when the margins are very irregular, being twisted and curled, 
as in the Garden Endive, Curled Dock, and Curled Mint, they 
are called crisped or curled (fig. 319). 

2. Incision. — This term is employed when the margins of the 
blades are more deeply divided than in the above instances 
of indented leaves, so that the parenchyma only extends 
about midway or a less distance between them and the midrib or 
petiole. The divisions are then commonly called lobes. It is 
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usual, however, to give different names to these lobes, according 
to the depth of the incisions by which they are produced ; thus 
if they reach to about midway between the margins and mid- 
rib (Jig- 308), or petiole (fig. 326), they are properly called 
lobes, and the intervals between them fissures , or in composition 
the term fid is used, and the leaf is also said to be deft : if 
nearly to the base, or midrib (Jig. 320), they are termed parti- 
tions, and the leaf is partite ; if quite down to the base or midrib, 
they are called segments (Jig. 321), and the leaf is dissected , or in 
composition - sected . The segments of the latter differ from the 
leaflets of compound leaves, as already noticed (see page 156), 


Fig. 319. 



Fig. 320. 


Fig. 321. 




Fig. 319. Cnaped or curled loaf of a species of Mallow Fig. 320. 

Pmnatipartito leaf of a species of Valerian (Vain tana dimea) Fig. 

321. Finuatisected leal of a species of Poppy ( Papaver Aiyenwne). 


in not being articulated ; and also in being united to the mid- 
rib or petiole by a broad base. 

In describing the above incised leaves we say that they are 
bifid or two-dfit , trifid or three-deft, quinquefid or five-deft, 
septemfid or seven-cleft, and mvltifid or many-cleft, according to 
the number of their fissures ; or twu-lobed, three-lobed, four- 
lobed, &c. , from the number of their lobes. Or a leaf is also 
said to be tripartite or trisected , &c., in the same manner, accord- 
ing to the number of partitions, or segments. The above terms 
are more especially used with palmately-veined simple leaves. 

The divisions of the lamina are, however, always arranged in 
the direction of the principal veins. Thus, those of feather- veined 
or pinnately- veined leaves are directed towards the midrib (figs. 
308, 320 and 321) ; while those of palmately or radiated-veined 
leaves are directed towards the base of the lamina (figs . 326 
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and 327). Hence instead of using terms indicating the number 
of lobes, partitions, and segments of the lamina, others are 
generally employed that define the leaf more accurately, which 
are derived from the mode of venation combined with that of 
incision. Thus, if the lamina is feather- veined, and the divisions 
consequently arranged in that manner, the leaf is said to be pm- 
natifia (fig. 308), as in the common Oak ; or piwnatipartite (fig. 
320), as in Valeriana dioica ; or pinnatuected (fig. 321), as in 
Papaver Argemone, according to their depth, as already described. 
If the divisions are themselves incised in a similar manner to 
the original divisions of the lamina itself, the leaf is said to be 
bipinnatifidy bipinnatipartite , or bipinnatisected. Or, if the sub- 
divisions of these are again divided in a similar manner, tripin - 
natifidy tripinnatipartite , or tripinnatisected. Or, if the lamina 
is still further divided, the leaf is said to be decomposed or lad - 
/ niated. 


Fig. 322. 


Fig. 323. Fig. 324. 



Fig 322. Pectinate or comb-shaped leaf. Fig. 323. Lyrate leaf of the 

common Turnip ( Brassica Rapa). Fig. 324. Runcinate leaf of Dande- 
lion ( Leontodon Taraxacum ) Fig. 325. Fiddle shaped leaf of Rumex 

pulcher. 

Certain modifications of these varieties have also received spe- 
cial names ; thus, when a pinnately- veined leaf is deeply divided, 
and the divisions are very close and narrow like the teeth of a 
comb (fig. 322), it is said to be pectinate , as in the Water Milfoil; 
when the terminal lobe of a pinnately- veined leaf is large and 
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rounded, and the lateral lobes which are also more or less 
rounded become gradually smaller towards the base, it is lyrate 
or lyre- shaped, as in the common Turnip (fig. 3231 ; when the 
terminal lobe is triangular, and the other lobes wnich are also 
more or less of the same shape have their points directed down- 
wards towards the base of the lamina, as in the Dandelion (fig. 
324), the leaf is said to be runcinate ; or when a lyrate leaf has 
but one deep recess on each side, so that it resembles a violin 
in shape, it is termed panduriform or fiddle-shaped , as in the 
Fiddle Dock (fig. 325). 

The above terms are those which are employed to define incised 
feather- veined leaves ; but when the blades are palmately-veined 
and incised, other terms are used according to the degree of divi- 
sion. In describing such leaves, the terms bifid, trifid, quinquefid, 


Fig. 327. 



Fig. 320. 



Fk / 326. Palmate leaf of a species of ration flower (Pasuffora). 

Fkj. 327. Falmatifld leaf of the Castor Oil Plant ( liicinus communis). 

(fee. , bipartite, tripartite, (fee., bisected, trisected, &c. , are employed 
according to the number of their lobes, partitions, or segments, 
as already noticed ; or the terms palmatifid, palmatipartite , pal- 
matisected, derived from the direction of the veins, <fec., are used. 
Special names are also applied to certain modifications of these 
palmately-veined leaves as with those which are pinnately- 
veined. Thus, when the blade of such a leaf has five spreading 
lobes united at their base by a more or less broad expansion of 
parenchyma, so that the whole has a resemblance to the palm 
of the hand with spreading fingers, the leaf is termed palmate, 
as in some species of Passionflower (fig* 326) ; or when there 
are more than five lobes, the leaf is described as palmatifid 
or palmately -cleft, as in the Castor Oil Plant (fig* 327). Some 
writers, however, use the terms palmate and palmatifid in- 
differently to describe either of the above modifications of 
incised leaves, but the sense in which they are defined above 
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is more precise, and should alone be used. When the lobes 
are less spreading, narrower, and somewhat deeper than in a true 
palmate leaf, the leaf is digitate ; or when there are more than 
five lobes of a similar character, as in the Bitter Cassava, it is 
sometimes termed digitipartite , or even digitate (though im- 
properly so), by some authors. When the lamina is divided 

Fig. 328. 



Fig. 328. Dissected leaf of the Water Crowfoot ( Ranunculus aquatilis). 

nearly to its base into numerous narrow thread-like divisions, as 
in the submersed leaves of the Water Crowfoot (fig. 328), the 
leaf is said to be dissected. When the lateral lobes, partitions, or 
segments, of what would be otherwise a palmate leaf are them- 
selves divided into two or more divisions (fig. 329), as in the 
Stinking Hellebore and Sauromatum guttatum, so that the 

whole bears some resemblance to 
a bird’s foot, the leaf is termed 
pedatifid , pedatipartite , or pedati- 
sected, according to the depth of 
the divisions. The term pedate is 
by some botanists applied generally 
to these modifications of the pal- 
mate leaf, but such a term ought 
properly to be reserved for a com- 
pound leaf when the leaflets are 
arranged in a pedate manner. 

Fig. 329. redatipartite leaf. Besides the above modifications 

of palmately-veined leaves, other 
variations also occur, in consequence of the lobes, partitions, 
or segments of the lamina becoming themselves divided, either 
in a pinnately-veined, or palmately-veined manner, and terms 
are used accordingly, the application of which will be at once 
evident from what has been already stated. 

3. Apex . — This varies much in the blades of different 
leaves. Thus the apex is obtuse or blunt , when it is rounded 
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or forms the segment of a circle {figs. 339 and 341), as in the 
Primrose ; it is retuse when it is obtuse, with a broad shallow 
notch in the middle, as in the Red Whortleberry ( Vaccinium 
Vitis-idaea) and the leaflets of Logwood ; or when under the 
same circumstances the notch is sharp, or nearly triangular, it is 
emarginate , as in some species of Cassia (fig. 330), and in the com- 
mon Box ( Bnxus sempervirens). When the lamina terminates 
very abruptly, as if it had been cut across in a straight line, the 
apex is truncate , as in the leaf of the Tuiip-tree (fig. 331) ; or if 
under the same circumstances the termination is ragged and 
irregular, as if it had been bitten off, it is prsemorse , as in the 
leaf of Caryota urens. When the apex is sharp, so that the two 
margins form an acute angle with each other (figs. 333 and 
340), it is acute or sharp-pointed ; when the point is very long, 
and tapering (fig. 338), it is acuminate or taper-pointed , as in 

Fig. 330. Fig. 331. 




Fm. 330. Leaflet of a species of Cassia. It is obovate in figure or outline, 

oblique at the base, and emarginate at its apex. Ftq. J31. Branch of 

Tulifntree (Lmodendron tuli/nfera) with flower and leaves. The latter 
terminate abruptly, hence they are said to be truncate. 

the leaf of the White Willow and common Reed ; or when it 
tapers gradually into a rigid point, it is cuspidate , as in many 
Bubi. When the apex, which is then commonly rounded, has 
a short hard or softened point standing on it, it is mucronate 
(fig. 337), as in the leaf of Statice mucronata and Lathyrus 
pratensis. 

4. General Outline . — By the general outline or shape of the 
lamina we mean the superficial aspect or figure which is described 
by its margins. The development of veins and parenchyma is 
usually nearly equal on the two sides of the midrib, or petiole, 
so that the lamina of the leaf is in most instances nearly sym- 
metrical and of some regular figure ; in which case the leaf is said 
to be equal (figs. 338-340). When, as occasionally happens, 
the lamina of the leaf is more developed on one side than on the 
other, the leaf is termed unequal or oblique ( figs 330 and 332) ; 
this is remarkably the case in the species of Begonia (fig. 333). 
Generally speaking, the leaves with ribbed, parallel, or feather- 

m 2 
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veined venation are longer than broad ; while thoBe which are 
radiated or palmately-veined are more or less rounded, or 
broader than long. 

When the lamina of a leaf is nearly of the same breadth at 
the base as near the apex, narrow, and with the two margins 
parallel (Jigs. 310, a, and 334), the leaf is called linear , as in 

Fig. 332. Fig. 333. Fig. 334. Fig. 335. 



Fig. 338. Fig. 339. Fig. 340. Fig. 341. 


Fig. 332. Leaf of Elm, with its margins biserrate, and the lamina unequal at 

its base. Fig. 333. Unequal or oblique leaf of a species of Begonia. 

Fig. 834. Linear leaf of Goose-grass (Galium Aparine). Fig. 335. Lance- 
olate leaf. Fig. 336. Acerose or needle-shaped leaves of Juniper (Jum- 

perus communis). Fig. 337. A cuneate and mucronate-pointed leaf. 

Fig. 338. Cordate and acuminate leaf, with its margins dentate. Fig. 

839. Oblong leaf of Bladder-Senna ( Colutea arborescens). Fig. 840. Ovate 

leaf, with its margins serrate. Fig. 341. Obovate leaf. 

the Marsh Gentian (Gentiana Pneumonanthe) and most Grasses ; 
when a linear leaf terminates in a sharp rigid point like a 
needle, as in the common Juniper (jig t 336), and many of our 
Firs, and Larches, it is acerose or needle-shaped. When the 
blade of a leaf is very narrow and tapers from the base to a 
very fine point, so that it resembles an awl in shape, as in the 
common Furze ( Ulex europgeus ), the leaf is subulate or awl-shaped . 



FIGURES OF LEAVES, 


165 


When the blade of a leaf is broadest at the centre, three or 
more times as long as broad, and tapers perceptibly from the 
centre to both base and apex, as in the White Willow ( Salix 
alba), the leaf is la'nceolate {jig. 335) ; when it is longer than 
broad, of about the same breadth at its base and apex, and slightly 
acute at these points, it is oval or elliptical {fig. 343), as in the 
Lily of the Valley {Convallaria majalis) ; or if under the same 
circumstances it is obtuse or rounded at each end {fig. 339), it 
is oblong. The above definitions of elliptical and oblong are 
those of Lindley. But by many botanists the former term is 
applied to a leaf which is two to three times, and the latter to 
one which is four or more times, as long as broad ; and in both 
cases either rounded or acute at the two extremities. If 
the lamina of a leaf is more or less rounded at the base and 


Fig. 342. 



Fig. 343. 


Fig. 344. 




Fig. 

345. 


Fig. 342. Spathulate leaf. Fig. 343. Oval 

or elliptical leaf of Pear-tree (Pyrui com- 
munis), with serrate margins. Fig. 344. 

Reniform leaf of Ground Ivy ( Nepeta Olc- 

choma), with crenate margins. Fig. 345. 

Trifoliate leaf with obcordate leaflets. 


broader at this part than at the apex, so that the whole is of the 
shape of an egg cut lengthwise, the leaf is ovate or egg-shaped 
(fig- 340), as in the Periwinkle (Fmca major) ; or if of the same 
figure, but with the apex broader than the base {fig. 341), it is 
obovate or inversely egg-shaped. When the lamina is broad at 
the apex, and abrupt-pointed, and tapers towards the base {jig. 
337), as in some Saxifrages, the leaf is cuneate or wedge-shaped ; 
or if the apex is broad and rounded, and tapers down to the 
base {fig. 342), it is spathulate , as in the Daisy. When the 
lamina is broad and hollowed out at its base into two rounded 
lobes, and more or less pointed at the apex, so that it somewhat 
resembles in shape the heart in a pack of cards, the leaf is cordate 
or heart-shaped (fig. 338), as in the Black Bryony {Tamus com- 
munis) ; or if of the same shape, but with the apex broader than 
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the base, and hollowed out into two rounded lobes, it is obcordate 
or inversely heart-shaped (fig. 345). When a leaf resembles a 
cordate one generally in shape, but with its apex rounded, and 
the whole blade usually shorter, and broader (fig. 344), it is 

Fig. 346 . Fig. 349 . 



J 


Fig. 346. Lunate or crescent-shaped leaf. Fig. 347. Sagittate leaf. 

Fig. 348. Hastate leaf. Fig. 349. A portion of the stem of the Woody 

Nightshade ( Solanum Dulcamara), bearing flowering stalk and an auricu- 

late l°af. Fig. 350. A sub-rotund or rounded leaf, with entire margin. 

Fig. 351. Orbicular peltate leaf. 

reniform or kidney-shaped, as in the Asarabacca (Asarum enro- 
psenm) ; when a leaf is reniform but with the lobes at the base 
of the lamina pointed, so that it resembles the form of a crescent 
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(fig. 346), it is lunate or crescent- shaped , as in Passijlora Innata. 
When the blade is broad and hollowed out at its base into two 
acute lobes, and pointed at the apex, so that it resembles the 
head of an arrow {fig. 347), the leaf is sagittate or arrow-shaped , 
as in the Arrowhead ( Sagittaria sagittifolia) ; when the lobes of 
such a leaf are placed horizontally, instead of passing down- 
wards, it is hastate or halbert- shaped {fig. 348), as in Sheep’s 
Sorrel (Rumex Acetosella) ; or when the lobes of such a leaf are 
separated from the blade, as in the upper leaves of the Woody 
Nightshade {S olanum Dulcamara ), it is auricnlate or hastate- 
auricled {fig. 349). When the blade is perfectly round, the 
leaf is orbicular {fig. 351), a figure which is scarcely or ever 
found ; but when it approaches to orbicular, as in Pyt via rotnn - 
difolia, the leaf is subrotund or rounded {fig. 350). 

It frequently happens, that a leaf does not distinctly present 
any of the above-described figures, but exhibits a combination 
of two of them, in which case we use such terms as ovate-lance- 
olate , linear-lanceolate , cordate-ovate , cordate-lanceolate , clliptico- 
lanceolate, roundish- ovate , Ac. , the application of which will be at 
once evident. 

In many cases we find leaves of different figures on the same 
plant ; under which circumstance the plant is said to be hetero- 
phyllous. Thus, in the Hairbell {Campanula rotnndifolia ), the 
radical leaves a^e cordate or reniform, and the cauline leaves 
linear ; and this difference of outline between the radical and 
stem leaves is by no means uncommon. In water plants again, 
where some of the leaves are submersed, while others float on 
the water, or rise above it into the air, as in the Water Crowfoot 
{Ranunculus aquatilis ), and Arrowhead {Sagittaria sagittifolia ), 
the leaves thus differently situated frequently vary in shape. 

5. Form. — By this term we understand the solid configuration 
of the lamina, that is, including its length, breadth, and thick- 
ness. The terms used in defining the various forms are therefore 
especially applicable to thick succulent leaves — namely, those 
which are produced when the veins are connected by a large 
development of parenchyma. Such leaves either assume some 
regular geometrical forms, as cylindrical , pyramidal , conical , 
prismatic , Ac. , and receive corresponding names ; or they ap- 
proach in form to some well-known objects, and are hence 
termed acicular , ensiform , acinaciform , dolabriform , clavate , 
lingniform , Ac. The above terms need no further description. 
In other instances, the lamina, instead of having its veins en- 
tirely connected by parenchyma, is more or less hollowed out 
in its centre, when the leaf is said to be tubular , hood-shaped , 
urn-shaped , Ac. Various other singular forms are also found, 
some of which will be hereafter alluded to under the head of 
anomalous forms of leaves. 

Besides the above described modifications which the blades 
of leaves present in reference to their Margins , Incisio'n , Apex , 
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Outline , and Form , they also present numerous other variations 
as regards their surface , texture , colour , &c. For an explanation 
of these we must refer to the contents generally of this manual ; 
and more especially to that part which treats of the Appendages 
of the Epidermis. 

2. Compound Leaves. — We have already defined a compound 
leaf (page 156). Its separate leaflets are subject to similar modi- 
fications of their margin, incision, apex, outline, form, texture, 
surface, colour, &c., as the blades of simple leaves, and the same 
terms are accordingly used in describing them. We have there- 
fore only now to speak of compound leaves as a whole, and the 
terms which are employed in describing their special modifica- 
tions. We divide them into two heads, namely : 1. Pinnately 
or feather-veined Compound Leaves ; and 2, Palmately or radiated- 
veined Compound Leaves. 

1. Pinnately-veined Compound Leaves. — When a leaf present- 
ing this kind of venation is separated into distinct portions or 



leaflets, it is termed pinnate {figs. 352-355) ; and the leaflets are 
then termed pinnse. The leaflets are arranged either in an op- 
posite or alternate manner along the sides of the rachis or com- 
mon petiole in pairs, and according to their number the leaf is 
said to be unijugate or one-paired , as in several species of 
Lathyrus {fig. 380), bijugate or two-paired , trijugate or three- 
paired ^ and multijugate or many-paired {fig. 353). Several kinds 
of pinnate leaves have also been distinguished by special names. 
Thus when a pinnate leaf ends in a single leaflet {fig. 352), as in 
the Rose and Elder, it is imparipinnate or unequally-pinnate y or 
pinnate with an odd leaflet ; it is equally or abruptly pinnate , or 
paripinnate , when it ends in a pair of leaflets or pinnae {fig. 353), 
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as in some species of Cassia , the Mastich plant ( Pistacia Lentiscns), 
Logwood ( Hsematoxylon campechianum), and Orobus tuber oms ; 
ana it is interruptedly pirmate (Jig . 354) when the leaflets are of 
different sizes, so that small pinnae are regularly or irregularly in- 


Fig. 354. 


Fig. 356. 



Fig. 354. Interruptedly pinnate leaf of the Fotato (Solarium tuberosum ) 

Fig. 355. Lyrately pinnate leaf. Fin. 356. Bipinnate leaf of a species of 

Gleditschia. Fig. 357. A tripinnate leaf. Borne of the leaflets are, how- 

ever, only bipinnate. 


termixed with larger ones, as in the Potato and Silver Weed(Po- 
tentilla anserina). When the terminal leaflet of a pinnate leaf is 
the largest, and the rest gradually smaller as they approach the 
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base {fig. 355), it is hjmtely pinnate. This leaf and the true 
lyrate (page 160 and fig. 323) are frequently confounded together 
by botanists, and the two kinds often 
run into one another, so that it is by no 
means uncommon to find both varieties 
of leaf on the same plant, as in the 
common Turnip and Yellow Rocket. 

When the leaflets of a pinnate 
leaf become themselves pinnate, or, in 
other words, when the partial petioles 
which are arranged on the common 
petiole exhibit the characters of an 
ordinary pinnate leaf, it is said to be 
bipinnate (fig. 356), as in some species 
of Acacia ; the leaflets borne by the 
partial or secondary petioles are then 
commonly termed pinnules. When 
the pinnules of a bipinnate leaf become 
themselves pinnate, it is tri pinnate 
(fig. 357), as in the Meadow Rue 
(Thalidrum minus), and the common 
Parsley ; it commonly happens, how- 
ever, that in these leaves the upper 
leaflets are less divided, as in fig. 
357. If the division extends b3yond this, the leaf is decom- 
pound (fig. 358), as in many Umbelliferous plants. 

2. Palmatelg-veined Compound Leaves. — Such a leaf is formed 
when the ribs of a palmately- veined leaf bear separate leaflets. 
These leaves are readily distinguished from those of the pinnate 
kind, by their leaflets coming off from the same point, instead 
of, as in them, along the sides of a common petiole. We dis- 
tinguish several kinds of such leaves ; thus, a leaf is said to be 
binate , bifoliate , or unijugatc , if it consists of only two leaflets 




Fig. SCO. 



Fig. SCI. 



Ftg. 359. A binate leaf. Fig. 360. Ternate or trifoliate leaf. Fig. 361. 

Quadrifoliate L j af of Maratlea quadnfolui. 


springing from a common point (fig. 359), as in Zygophyllum ; it 
is ternate or trifoliate if it consists of three leaflets arranged in a 
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similar manner (figs. 345 and 360), as in the genus Trifolium , 
which receives its name from this circumstance ; it is quadn- 
nate or quadrifoliate if there are four leaflets (fig. 361), as in 
Herb Paris (Paris qvadrifolia) ; it is qninate or quinquefoliate 
if there are five (fig. 362), as in Potentilla argentea and P. alba ; 
it is septenate or septemfoliate , if there are seven (fig. 303), as 

Fig. 302. Fig. 363. 



Fiq. 362. Quinate or quinquefoliate leaf. Fiq. 363. Septenate leaf of the 

Horsechestnut (JE^cu'us Hippocastanum). 


in the Horsechestnut and some Potentillas; and it is multi - 
foliate if there are more than seven (fig. 364), as in many of the 
Lupin tribe. The term digitate is sometimes employed to 
characterise a compound leaf of five leaflets, but this name 
should be confined to a simple leaf, and used in the sense already 


Fig. 361. 


Fig. 365. 



noticed (page 162). In speaking of palmately-veined compound 
leaves in a general sense, they are commonly, although im- 
properly, termed palmate or digitate ; but when the leaflets of a 
palmately-veined leaf are arranged in a pedate manner, the leaf 
is properly termed pedate (page 162). 

Palmately-veined compound leaves may become still more 
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divided. Thus, if the common petiole divides at its apex into 
three partial ones, each of which bears three leaflets (fig. 365), 
as in the Masterwort ( Imperatoria Ostmthium), the leaf is 
termed bitemate ; or when the common petiole divides at its 
apex into three partial ones, which again divide into three others, 
each of which bears three leaflets, as in the Yellow Fumitory 
(Corydalis lutea) and Epimedium , the leaf is triternate (fig. 366) ; 
or when such a leaf is still further divided, it is said to be decom- 
pound. 

Fig. 366 . 



5. PETIOLE OR LEAF-STALK. 

The petiole or leaf-stalk is that part which connects the 
blade of the leaf with the stem (figs. 268, p, and 269, p). It 
is frequently absent, and the leaf is then said to be sessile 
(fig. 281). It consists of fibro-vascular tissue (fig. 367, fv\ 
surrounded by parenchyma pc, and the whole covered by 
epidermis, which contains but few or no stomata. The fibro- 
vascular tissue varies in its nature in the leaves of the different 
classes of plants, being merely prolongations of that of the three 
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kinds of stem already fully described ; thus, in Dicotyledonous 
plants, the fibro-vascular tissue (Jig. 271) consist of spiral, 
pitted, annular, or some other vessels (see page 72), and lati- 
ciferous vessels, and wood and liber-cells, that is, of the same ele- 
ments essentially as the wood and liber. The distribution of this 
fibro-vascular tissue in the lamina forms the veins, which have 
been already described under the head of Venation (page 151). 

The petiole is either simple or undivided, as in all simple 
leaves, and in those of a compound character in which the 

Fig. 369. 



Fiq. 367. Vertical section of a portion of the stem and the base of a leaf, 
showing the passage of the fibro-vascular tissue, /v, into the petiole, pc, pc. 
Parenchymatous tissue of the stem and petiole, c. Pulvinus. /. Articu- 
lation between the leaf and stem. b. Leaf-bud in the axil of the petiole, m. 

Pith. Fiq. 368. A portion of a branch and leaf of the Sensitive Plant, 

showing pulvinus at the base of the petiole. Fig. 369. Stem of a Grass 

with a leaf attached. /.Blade, g. Sheathing petiole, lig. Ligule. 

leaflets are sessile ; or it is compound > as in the Rose, when it 
divides into two or more portions, each of which bears a leaflet 
(Jig. 373). The branches of the petiole or the stalks of the 
leaflets are then called petiolules , stalklets, or partial petioles ; 
while the main petiole is termed the rachis or common petiole. 

The petiole is frequently more or less contracted at the base 
where it joins the stem owing to the presence of an articulation 
or joint (Jig. 367,/). Leaves thus furnished with an articulated 
petiole fall away from the stem after they have performed their 
functions ; and in doing so they leave a scar or cicatrix (Jig. 
203, b y b). This cicatrix commonly exhibits on its surface 
several little points, which are produced by the rupture of the 
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fibro- vascular tissue of the petiole. The outline of the cicatrix 
and the arrangement of its ruptured fibro-vascular tissue vary 
much in different species of plants, and thus frequently form 
characters by which we may distinguish one plant from another 
after the leaves have fallen ; thus the varying appearance of 
these scars may be well seen by comparing a branch of the Ash 
with that of the Horsechestnut. 

In compound leaves the petiole is not only generally arti- 
culated to the stem, but the partial petioles are also fre- 
quently jointed to the common petiole, so that each leaflet 
becomes detached separately when the leaf begins to decay, as 
in the Sensitive Plant. By many botanists, indeed, no leaf is 
considered truly compound unless it presents this characteristic ; 
consequently all leaves however much divided, and apparently 
compound, but which have not their separate portions articu- 
lated, are considered simple. Such a distinctive character cannot, 
however, be well carried out in practice, and when we consider 
that the presence of an articulation is by no means constant 
even in simple leaves, we can see no sufficient grounds for in- 
sisting upon this character in the separate portions of a leaf as 
evidence of its compound nature. The distinctive characters of 
simple and compound leaves as adopted in this manual have been 
already fully treated of under the head of composition of leaves. 
(See page 156.) 

The presence of an articulation is to some extent a character 
of distinction between the three great classes of plants. Thus 
the leaves of Dicotyledons are in the majority of instances 
articulated ; while those of Monocotyledons and Acotyledons 
are non-artieulated. Hence the leaves of the two latter classes, 
when they have performed their functions, instead of falling 
away and leaving a cicatrix as the former, decay gradually 
upon their respective plants, to the stems of which they thus 
give a ragged appearance. There are many instances, however, 
in which the leaves of Dicotyledonous plants are not articulated, 
as in the Oak. In such cases, the leaves, although dead, remain 
attached to their respective plants frequently for months, which 
thus form a striking contrast in their appearance to the sur- 
rounding trees, which have lost their leaves in consequence of 
these being articulated. 

On the lower surface of the petiole at its base, the paren- 
chyma frequently forms a slight swelling (figs. 367, c, and 368), 
to which the name of pulvinus has been given. This portion of 
the petiole commonly remains on the stem after the petiole 
generally has separated from it in the fall of the leaf. A some- 
what similar swelling may be also seen in many compound leaves 
at the base of each partial petiole ; each of which is then termed 
a struma. The compound pinnate leaves of the Sensitive Plant 
afford a good illustration of the presence of both pulvinus and 
str anise. 
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Forms of the Petiole . — The form of the petiole varies in differ- 
ent leaves. It is usually rounded below, and flattened or more 
or less grooved above ; but in other cases it is cylindrical, especi- 
ally in the leaves of Monocotyledonous plants ; while in other 
plants of the same class, especially in Grasses, it becomes widened 
at its base, and surrounds the stem in the form of a sheath or 
vagina {jig. 369, g). This sheath in all true Grasses terminates 
above in a membranous appendage {jig. 369, lig), which is entire, 
or divided into two symmetrical portions, or incised in various 
ways ; to this the name of ligule has been given, and is now 
supposed by most authorities to be analogous to the stipules. 
In the Aspen {Populns tremula ), the petiole is flattened in a 
line at right angles to the blade, and is thus one of the causes of 
the peculiar mobility of such leaves ; while in other plants it is 
flattened m a horizontal direction. In Water Plants the petiole 


Fio. 371. 



Far. 370. A portion of the stem with some leaves of Venus's Fly-trap 
( l)io nun musupuht). 1. I jftimna fi insert with hairs, hence it is soul to be 

ciliated. j>. Winded petiole. Fuj. 371. lJecurrent leavi s of the Comftey 

(£>t/m±hyturn officinale). 

is frequently more or less dilated from the presence of a number 
of an* cavities, as in Pontederia and T> apa ; such petioles by 
diminishing the specific gravity of the plants enable them to float 
readily in the water. At other times the petiole becomes dilated 
at its base, and embraces the stem, in which case the leaf is said 
to be amplexicaul {jig. 276) ; this commonly occurs in Umbel- 
liferous Plants. Frequently the petiole presents at its tw o edges 
a leaf-like border called a wing , when it is said to be winged or 
bordered ; examples of such a petiole occur in the Orange {jig. 
316, p), Venus’s Flytrap {jig. 370, p), Sweet Pea {jig. 380), and 
many other plants. In some plants the winged expansion does 
not terminate at the base of the petiole, but it is continued 
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downwards along the stem ; in which case the stem is also termed 
winged, and the leaf is said to be decnrrent (figs. 278 and 371). 
Besides the above forms of petiole, others still more remarkable 
occur, which will be alluded to hereafter, under the head of 
Anomalous Forms of Leaves. 

Generally speaking, the petiole is less developed than the 
lamina ; it is also commonly shorter than it, and of sufficient 
thickness to support it without bending. When the petiole is 
very long or thin, or when the lamina is very heavy, and in 
other cases, it becomes more 
or less bent downwards to- Fig. 372. 


wards the earth, and no longer 
supports the blade in a hori- 
zontal direction. 

6. STIPULES. 

Stipules are small leafy 
bodies situated at the base, 
and usually on each side of 
the petiole of simple (fig. 269, 
s , s), or compound (fig. 372), 
leaves. They have the same 
structure as the blades of 
leaves, and are liable to simi- 
lar modifications as regards 
venation, apex, incision, out- 
line, margins, surface, tfcc. 
The stipules are often want- 
ing, and the leaves are then 
said to be exstipulate ; when 
present the leaves are stipu- 
late. They are often over- 
looked from their small size ; 
while in other cases they are 
very large, as in the Pansy 
(fig. 374), and in the com- 
mon Pea (fig. 372). In the 
leaves of Lathyrus Aphaca 
again (fig. 381), there are no 
true blades, or leaflets, but 



Ftg. 372. A portion of the flowering stem of 
the common Pea, with a pinnate leaf ter- 
minated by a tendril, and having two 
large stipules at its base, the lower mar- 
gins of which are dentate. 


the stipules s, s, are here 

very large and perform all their functions. It sometimes happens 
that the leaflets of a compound leaf possess little stipules of their 
own, as in the Bean and Bladder Nut ; to these the name of 
stipels has been given, and the leaf is then termed stipellate. 

Stipules either remain attached as long as the lamina, when 
they are said to be persistent ; or they fall off soon after its 
expansion, in which case they are deciduous . In the Beech, the 
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Fig, the Magnolia, &c., they form the tegmenta or protective 
coverings of the buds, and fall off as these open (page 101). 

Kinds of Stipules . — The stipules vary in their position with 
regard to the petiole and to each other, and have received 
different names accordingly. Thus, when they adhere to each 
side of the base of the petiole, as in the Rose (fig. 373, s, s), 
they are said to be adnate , adherent, or petiolar. When they 
remain as little leafy expansions on each side of the base 
of the petiole, but quite distinct from it, as in many Willows 
(fig. 260, s, s), and the Pansy (fig. 374), they are called canlinary. 
When the stipules are large, it sometimes happens that they meet 
on the opposite side of the stem from which the leaf grows, and 


Fig. 373. 


Fig. 874. 



Fig. 373. A portion of a branch, r, of the common Rose (How caiiina). a. A 
prickle, b. Bud in the axil of a compound loaf, f, with stalked leaflets, p. 

Petjole. s, s. Adnate or adherent stipules. Fkj. 374. Leaf of Pansy ( Viola 

tricolor ) with large caulinary stipules at its base. 


become united more or less by their outer margins, and thus form 
one stipule, as in the Astragalus ; they are then said to be syn - 
ochrcate or opposite (fig. 375, s) ; if under similar circumstances 
they cohere by their inner margins, as in Melianthus annuls 
and Houttvynia cordata(fig. 376, s), they form a solitary stipule 
which is placed in the axil of the leaf, and is accordingly termed 
axillary ; if such stipules cohere by both outer and inner margins 
so as to form a sheath which encircles the stem above the leaf 
(fig. 268, d), as in the Rhubarb, and most other plants of the 
order Polygonaceee, they form what is termed an odirea or 
intrafoliaceous stipule. 

N 
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All the above kinds of stipules occur in plants with alternate 
leaves, in which such appendages are far more common than in 
those with opposite leaves. When the latter plants have stipules 
these are generally situated in the intervals between the petioles on 
each side, and are hence termed interpetiolar. In such cases, it 
frequently happens that the opposing stipules of each leaf cohere 

Fig. 375. Fig. 370. 




Fig. 375. A portion of the stem, t\ and leaf,/, of the Astragalus Onobrvchis. 

.<. Synochreate or opposite stipule. Fig. 376. A portion of the stem, r, 

and leaf,/, of Houttuynia cordata. s. Axillary stipule. 

more or less completely by their outer margins so as to form but 
one interpetiolar stipule on each side of the stem {jig. 377, s), as 
is the case in the Cinchonas, the Coffee, and numerous other 
plants of the natural order Rubiaceae to which they belong. 

Stipules, as we have already noticed, are not always present 
in plants, but their presence or absence in any particular plant 

Fig. B77. 



Fig. 377. A portion of a branch, r, with two opposite leaves,/,/, of CephaU 
anthus occidenlalis. s. Interpetiolar stipule. 

is always constant, and although the appearance and arrange- 
ment of them also vary in different plants, they are always uni- 
form in those of the same species, and even, in some cases, 
throughout entire natural orders, and thus they frequently 
supply important distinctive characters in such plants and 
orders. Thus the plants of the Loganiacese are distinguished 
from those of the allied order Apocynacete by possessing inter- 
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petiolar stipules ; and the plants of the Polygonaceee from those 
of allied orders by intrafoliaceous stipules. 

Stipules are very rare in Monocotyledons, except the ligule 
of Grasses be considered as analogous to them. The only orders 
of Monocotyledons in which they undoubtedly occur are the 
Naiadaceee and Araceae. 


7. ANOMALOUS FORMS OF LEAVES. 

We have already seen that the branches of a stem sometimes 
acquire an irregular development, and take the form of Spines 
or Tendrils (pages 110 and 111). In the same manner the parts 
of a leaf may assume similar modifications, as well as some others 
still more remarkable, which we now proceed to describe. 

Spines of Leaves. — Any part of the leaf may exhibit a spiny 
character owing to the non-development or diminution of paren- 

Fio. 878. Fig. 379. 



Fin. 378. A portion of a l ranch of the Barberry (Bei ben's vulgaris), bearing 
spiny leaves. The upper leaf is composed entirely of hardened veins, with- 
out any parenchyma between them. Fig. 379. A portion of a branch of 

the Gooseberry (Ribes G/ossularia). /, j. Soars of former leaves, with 
buds in their axils, c. Spine produced from the pulvinus. 

chyma, and the hardening of the veins. Thus, — 1st, in the 
Holly (fiq. 318) and many Thistles (fig. 278), the veins project 
beyond the blade, and become hard and spiny ; in some species 
of Solanum the spines are situated on the surface of the lamina ; 
while in the Barberry (fig. 378) the blade has little or no paren- 
chyma produced between its veins, which are of a spiny cha- 
racter, so that the whole lamina becomes spinous. Spines of 
leaves may be readily distinguished from those already described 
(page 110), which are modified branches, because in the latter case 
tney always arise from the axil of the leaf, instead of from the leaf 
itself. Spines may be also readily distinguished from prickles 
by their internal structure and the other characters alluded to 

.n 2 
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when speaking of the spines of branches. 2nd. The petiole may 
assume a spiny character, either at its apex, as in some species 
of Astragalus ; or at its base from the pulvinus {fig. 379, c), as 
in the Gooseberry. And, 3rd. The stipules may become trans- 
formed into spines, as in Robinia pseudacacia {fig. 270). 

Tendrils of Leaves. — Any part of the leaf may also become 
cirrhose or transformed into a tendril. Thus, — 1st. The midrib 
of the blade of a simple leaf may project beyond the apex, and 
form a tendril, as in Gloriosa superba ; or some of the leaflets of 
a compound leaf may become transformed into branched tendrils 
(figs. 372 and 380), as in certain species of Lathyrus , and other 
Leguminosse. 2nd. The petiole may become cirrhose, as in 


Fig. 380 . Fig. 382 . 



Fig. 381 . 


Fig. 380. Leaf of a species of Lathyrus , showing a winged petiole, with two 

half-sagittate stipules at its base, and terminated by a tendril. Fig. 381. 

A portion of the stem of Lathyrus Aphaca, with stipules, s, s, and cirrhose 

petiole, v. Fig. 382. A portion of the stem of Smilax, bearing a petiolate 

leaf, and two tendrils in place of stipules. 

Lathyrus Aphaca (fig. 381, v ), and many other plants of the 
Leguminosae. And, 3rd. The stipules may assume the form of 
tendrils ; thus in many species of Smilax there are two tendrils, 
one on each side of the base of the petiole (fig. 382), in place of 
the ordinary stipules. 

Phyllodes or Fhyllodia. — In the leaves of certain plants, as in 
some Australian Acacias (figs. 383 and 384), and certain species 
of Eucalyptus , the parts forming the fibro- vascular tissue of the 
petiole, instead of remaining till they reach the blade before 
separating, begin to diverge as soon as they leave the stem or 
branch and become connected by parenchyma as in the ordinary 
blade of a leaf ; the petiole thus assumes the appearance of a 
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lamina and then performs all its functions. To such a petiole the 
name of phyllode has been applied. In some cases, as in Acacia 
heterophylla , the phyllode is terminated by a true compound 
blade (Jig. 384), and its nature is thus clearly ascertained, but 
in most instances no such blade is produced (Jig. 383). These 
phyllodes may be distinguished from true blades, not only by the 
occasional production of a lamina as just mentioned, but also 
by other circumstances. Thus, — 1st. By their venation, which is 
more or less parallel (Jigs. 383 and 384) instead of reticulated, as 


Fig. 384. 



is the case generally in Dicotyledons, in which class of plants they 
alone occur. 2nd. By their being placed nearly or quite in a 
vertical direction — that is, turning their margins upwards and 
downwards instead of their surfaces. And 3rd. By their two 
surfaces resembling each other, whereas in true blades a mani- 
fest difference is commonly observable between their upper and 
lower surfaces. 

Besides the true phyllodes thus described, there are some 
others, as in certain species of Ranunculus , which do not present 
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such well-marked distinctive characters. In these phyllodes the 
direction of the surfaces is horizontal as in true blades, and in some 
other respects they resemble them ; they have, however, more or 
less parallel venation instead of reticulated, and, belonging to 
Dicotyledonous plants, this character will suffice to distinguish 
them, as it is now become the rule with most botanists to con- 
sider all organs occupying the place of leaves among Dicotyledons, 
‘which are not reticulated, as phyllodes. 

Ascidia or Pitchers . — These are the most remarkable of all 
the anomalous forms presented by leaves. They may be seen 
in the species of Nepenthes or Pitcher Plants (Jig. 385), in the 
Hide-saddle Plant (Jig. 386), and in many other plants. These 
curious organs may be either formed from the petiole, or the 


Fig. 385. Fig. 38C. 



Fid 385. Pitcher of a species of Pitcher Plant (Nepenthe* dutillatona). p. 

Pitcher closed b> the lid, l Fid. 386. Pitcher of the Side saddle Plant 

(bar/ acenia purpui ea). Fig. 387. Pitchers of Heliamphora. 


blade of the leaf. Thus in Sarracenia ( Jig. 386), the pitcher ap- 
pears to be produced by the folding inwards of the two margins 
of a phyllode, which unite below, and form a hollow body or 
pitcher ; but they are still separate above, and thus indicate its 
origin. The origin of the pitcher from the phyllode is, however, 
probably best seen in a species of Heliamphora (Jig. 387), in 
which the union of the margins of the phyllode is even less 
evident than in the Sarracenia . In the Nepenthes (Jig. 385), 
the petiole first expands into a phyllode, then assumes the ap- 
pearance of a tendril, and ultimately forms a pitcher, p ; this 
18 dosed above by a lid, l , called an operculum, which is united 
to it by an articulation. The lid is here commonly regarded 
as a remarkable transformation of the blade ; but some botanists 
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consider that the pitcher is formed out of the lamina, and that 
the operculum is the terminal lobe. This kind of pitcher is also 
looked upon by some botanists as a modification of such leaves as 
the Orange (fig. 315), and Venus’s Fly-trap (fig. 370), in which 
the petiole, p, is articulated to the blade ; thus, if we suppose the 
winged petiole of such plants to fold inwards and unite by its 
margins, a pitcher would be formed resembling that of Nepenthes, 
and the jointed blade would then be seen to be clearly analogous 
to the operculum or lid of that plant. In another of these 
plants, the Dischidia , the pitchers are considered to be formed 
by the folding inwards and union of the margins of the blades. 

8. GENERAL VIEW OF THE LEAVES IN THE THREE CLASSES OF PLANTS. 

We have already seen, in describing the structure and general 
characters of stems and roots, that these organs present well- 
marked distinctive characters in the three classes of plants. 
The leaves of plants in the three classes, as we have noticed 
generally in their description, also present certain marked differ- 
ences, which may be summed up as follows : — 

1. Leaves of Dicotyledonous Plants. — In these the vena- 
tion is reticulated in consequence of the veins branching in 
various directions and the divisions becoming united with one 
another, so as to form a more or less angular network (fig. 300). 
In some plants, as in Ranunculus Lingua , and R. gramlneus, 
the so-called blades have parallel veins, and have been therefore 
considered by some botanists as representing exceptions to the 
ordinary reticulated venation of Dicotyledons ; but these, as we 
have just seen (page 182), are not usually regarded as true blades, 
but as phyllodes or transformed petioles. 

The leaves of Dicotyledons are very commonly articulated to 
the stem or branch, often compound, and variously toothed or 
incised at their margins. 

2. Leaves of Monocotyledonous Plants. — In these the 
venation is commonly more or less parallel ; either from base 
to apex (fig. 306, a) ; or they present one large central vein 
from which secondary veins are given off on each side, which 
proceed in a parallel direction to the margins, as in the Banana 
(figs. 306, 6, and 313). The leaves generally of plants of the 
Natural orders Smilacese (fig. 382), Dioscoreaceee, &c., as well 
as some in the order Aracea?, present exceptions to this charac- 
ter, for in them the veins branch in various directions and form 
a network, as in the leaves of Dicotyledons. Some of these 
plants, as the Dioscoreacese, Smilacem, &c., were therefore separ- 
ated from other Monocotyledons by Lindley, and placed in a 
class by themselves, called Dictyogens, from the Greek word 
signifying a net. But this class has not been accepted of late 
years by botanists, and is not therefore adopted in this edition. 
We have already noticed (page 96) that such plants also pre- 
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sent certain differences in the structure of their stems from 
those of other Monocotyledons. 

In Monocotyledonous plants the leaves are commonly not 
articulated ; and the margins of their blades are usually entire 
or free from toothings and incisions of every kind. They are also 
commonly simple ; often sheathing at the base ; and seldom have 
stipules, unless the ligule (page 170) is to be considered as ana- 
logous to these organs. 

3. Leaves of Acotyledonous Plants. — Tn plants of this 
class which have leaves with a true fibro- vascular system or 
veins, these are arranged at first, either in a pinnate or palmate 
manner, but the whole of their principal veins either divide 
afterwards in a forked manner, or their ramifications are thus 
divided (Jig. 314). The leaves of Ferns are usually called 
fronds ; this term being commonly applied to leaves or leaf-like 
structures which, like those of Ferns, bear the fructification. 

Such leaves are usually not articulated ; either sessile or 
stalked ; frequently toothed or incised in various ways ; and 
often highly compound. 


CHAPTER 4. 

ORGANS OF REPRODUCTION. 

Under the head of Organs of Reproduction we include the 
flower and its appendages. They are called reproductive organs 
becaU'G they have for their office the reproduction of plants 
by the formation of seed. Plants with conspicuous organs of 
reproduction, as already noticed (page 11), are called Phaenogamous , 
Pha'nerogamous, or Flowering ; while those in which these parts 
are concealed or obscure, are termed Cryptogamous or Flowerless. 
The former division includes Dicotyledonous and Monocotyle- 
donous plants ; the latter Acotyledonous plants. 

The parts of a flower (as will be particularly shown hereafter), 
are only leaves in a modified condition adapted for special pur- 
poses ; and hence a flower-bud is analogous to a leaf-bud, and 
the flower itself to a branch the intemodes of which are but 
slightly developed, so that all its parts are situated in nearly the 
same plane. As flower-buds are thus analogous to leaf-budB, they 
are subject to similar laws of arrangement and development. 

Section 1. Inflorescence or Anthotaxis. 

The term injlorescence is applied generally to indicate the 
floral axis and its ramification, or the arrangement of the flowers 
upon that axis. Under this head we have to examine— 1st, the 
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Leaf from the axil of which the flower-bud arises ; 2nd, the 
Stalk upon which the flower or flowers are situated ; and 3rd, 
the Kinds of Inflorescence. 

1. THE BRACT. 

We have just stated that flower-buds are analogous to leaf- 
buds ; and this analogy is still further proved by their occupying 
similar situations to them ; thus they are placed either at the 
apex of the floral axis or branch, or laterally, and then commonly 
in the axil of leaves. Flower-buds, therefore, like leaf-buds, are 
terminal or axillary. In the latter case the leaves from which 

Fig. 388. 



Fig. 388. Flowering stalk of the White Dead-nettle ( Lanuum album). 

they arise are called bracts. In strict language the term bract 
should be only applied to the leaf from the axil of which a 
solitary flower or a floral axis arises ; while all other leaves 
which are found upon that axis between the bract and the 
flower properly so called, should be termed bractlets or brac- 
teoies (Jig. 399, b , 6). These two kinds of bracts are, however, 
but rarely distinguished in practice, the term bract being gener- 
ally alone used for either variety, and in this sense we shall 
hereafter, as a general rule, apply it. 

Bracts vary much in appearance, some of them being large, 
of a green colour, and in other respects resembling the ordinary 
leaves of the plant upon which they are placed, as in the White 
Dead-nettle (Jig. 388) ; and in the Pimpernel (Jig. 389, a, a) ; 
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in which case they are called leafy bracts, Such bracts can only 
be distinguished from the true leaves by their position with 
regard to the flower-stalk or flower. In most cases, however, 
bracts may be known from the ordinary leaves not only by their 
position, but also by differences of colour, outline, texture, and 
other peculiarities. 

Sometimes when the bracts are situated in a whorl immedi- 


ately below the calyx, it is difficult to determine whether 
they should be considered as a part of the calyx or as true 
bracts ; thus in most flowers of the Mallow order (fig. 390), and 
many of the Pink (jig. 469, b) and Rose 
Fio. 389. orders (fig. 391), we have a circle of 



leafy organs placed just below the calyx, 
to which the term of epicalyx or cali- 
culns has been given by many botanists, 
but which properly comes under the 
denomination of involucre (page 187). 

Almost all inflorescences are fur- 
nished with bracts of some kind or 
other ; it frequently happens, however, 

Fio. 390. Fio. 391. 



Fig. 389. Flowering stalk of the Pimpernel ( Anagallis 
at Vt^nsis). f>, 6. Solitary flow ers arising from the 

axil of the leafy bracts, a, a. Fig. 390. Calyx 

of the Marsh-Mal]o\v(AM/ice(f officinalis) surrounded 

by an epicalyx or involucre. Fig. 391. Flower 

of the Strawberry ( Fragarui vesca), surrounded by 
an epicalyx or involucre. 


that some of the bracts do not develope axillary flower-buds, just 
in the same manner as it occasionally happens that the leaves 
do not produce leaf-buds in their axils. In some cases the non- 
development of flower-buds in the axil of bracts appears to 
arise simply from accidental causes ; but in others it occurs as 
a regular law, thus in the Purple Clary (Salvia Horminum ), and 
the common Pineapple (fig. 287), there are a number of bracts 
without flower-buds placed at the apex of the inflorescence. 
Such bracts are called empty. When bracts are absent alto- 
gether, as is usually the case in the plants of the natural order 
, Crucifer®, and those of the Boraginace®, such plants are termed 
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ebracteated ; when bracts are present the inflorescence is said 
to be bracteated. 

Arrangement and Duration of Bracts. — Bracts follow the same 
law of arrangement as true leaves, Being opposite, alternate, or 
whorled, &c., in different plants. The bracts of the Pineapple 
fruit (fig. 287), and those of Fir cones (figs. 288 and 415), show 
in a marked manner a spiral arrangement. 

Bracts vary in their duration ; when they fall immediately, or 
soon after the flower-bud expands, they are said to be decid'iums. 
When they remain long united to the floral axis, they are persis- 
tent. In some plants they persist and form a part of the fruit ; 
thus, in the Hazel-nut and Filbert they form the husk (fig. 
396), in the Acorn they constitute the cup (fig. 395), and in the 
Hop-fruit (fig. 416), in the Fir-cones (figs. 288 and 415), and 
Pineapple (fig. 287), they persist as membranous, woody, or 
fleshy scaly appendages. 

Varieties of Bracts. — Certain varieties of arrangement and 
forms of bracts have received special names. Thus the bracts of 


Fhi. 392. 


Fio. 393. 



Fig. 392. Rtaminate or limit* catkin of the Haze] (Corvlut A vdlana), showing 

a numb t of scaly bracts between the tlow’crs. Fig.'S 93, Com point l 

umbel of the Carrot ( Daucus Citrota). a. General involucre, b , b. Partial 
involucres or involucels. 


that kind of inflorescence called an Amentum or Catkin (figs. 
392 and 411, see page 196), as seen in the Willow, Oak, Birch, 
&c., are termed squamse or scales ; or the bracts are described as 
sqv amons or scaly. 

When a circle or whorl of bracts is placed round one flower, as 
in the Marsh Mallow (fig. 390) and Strawberry (fig. 391); orround 
a number of flowers, as in the Carrot (fig. 393) and most other 
Umbelliferous plants, they form what is termed an involucre. In 
some Umbelliferous plants, as for instance the Carrot (fig. 393), 
there are two involucres, one at the base of the primary divisions 
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of the floral axis or general umbel, a (page 201); and another at the 
base of each of the partial umbels or umbellules, b } b ; the former 

is then called the general in- 
volucre ; and each of the latter 
an involucel or partial invo- 
lucre. In plants of the natural 
order Composites, such as the 
Mary gold (jig. 394), Artichoke, 
Chamomile, and Daisy ; and of 
some of the allied orders, a 
somewhat similar arrangement 
of bracts takes place, and the 
name of involucre is also ap- 
plied in these cases. In the in- 
volucres of the Composite there 
are frequently two or three 
rows of bracts overlapping each 
other. The constituent bracts 
thus forming the involucre of 
Composite flowers have been 
termed phyllaries. Sometimes 
the bracts of an involucre 
grow together at their bases, 
and form ultimately a sort of 
cup-shaped body surrounding 
the fruit, as the cup of the 
Acorn (Jig. 395), and the husk of the Filbert or Hazel-nut (Jig. 
390) ; they then form what is called a cupule . 


Fig. 395. Fig. 396. 



Fig. 394. 



Fig. 394. Capitulvnn of Marygold ( Calen- 
dula ), showing the flowers enclosed in an 
involucre. 


Pig. 396. Fruit of the Oak ( Quet cus Robur ), surrounded by a cupule. 

Fig. 396. Fruit of the Hazel (C 'orylvs Avtllana), with cupule at the base. 
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When a bract is of large size and sheathing, and surrounds 
one, or a number of flowers, so as to completely enclose them 
when in a young state, as in the Iris, Narcissus, Snowflake (fig. 
397), the common Arum or Cuckoo-pint (fig. 398), and Palms 
(fig. 412), it is called a spathe. The spathe is generally found 
surrounding the kind of inflorescence called a spadix (page 196), 
as in the Arum (fig. 398), and Palm (fig. 412) ; and it is also very 
common in other Monocotyledonous plants. The spathe may be 
either green like an ordinary leaf, as in the Cuckoo-pint, or 
coloured, as in Richardia athiopica. In some Palms these 


Fig. 397 . Fig. 398 . 



Fig. 397. Flower of the Spring Snowflake (Leucojum vrrnum). /Yp. 398. 

Spadix of Cuckoo-pmt (Arum maculatum) enclosed in a spathe, a portion 
of which has been removed to show the flowers within it. 

spathes are of great length, sometimes even as much as twenty 
feet ; and as many as 200,000 flowers have been counted in them. 
Sometimes the spadix of a Palm branches (fig. 412), and then we 
frequently find smaller spathes surrounding its divisions, which 
have been named spathellse. Some botanists restrict the term 
spathe to the large enveloping bract of the spadix, and call the 
other bracts of a like character spathaceous bracts. 

Besides the bracts which surround the head of flowers of the 
Compositte and form an involucre, it frequently happens that 
the individual flowers (fig. 399, a , a) are also provided with little 
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bracts or bracteoles, b, b , which are then generally of a mem- 
branous nature, and colourless, as in the Chamomile. These have 
received the name of palese , but as this term is applied to certain 
special bracts found in Grasses (see below), they are better named 
scales , or by some other term which expresses their texture and 
character. 

The only other bracts which have received special names are 
those found in Grasses and Sedges. Thus, the partial inflo- 
rescence of a Grass, termed a locusta or spikelet (page 196), has at 
its base one or two bracts, which are called glumes (fig. 400, 
gl, gl). In the Cyperacese each flower is surrounded by similar 
bracts. In the Grasses we also find that each flower has two 
other bracts (fig. 400, ps , pi), which are commonly called pales or 
palese; and also frequently at the 
base of the ovary there are two 
or more .little scales, also of the 
nature of bracts, which are 
usually termed squamnlse , gln- 
mellules, or lodiculse (fig. 596, sp). 

Fig. 399. 


Fig. 400. 




Fig. 399. Receptacle of the Chamomile (Anihemisnobilis) bearing flowers, a, a, 
and bracts or bracteoles, b, b : the latter are sometimes termed Pales. 

The receptacle is here drawn much too large at the apex, it should be 

conical in form. Fig. 400. LocuBta or spikelet of the Oat (Avena saliva). 

gl, gl. Glumes, ps, pi. Paleae or Pales, a. Awn arising from the dorsum 
of the outer pale, ps. <s. An abortive flower. 

2. THE PEDUNCLE OR FLOWER-STALK. 

The term peduncle is applied to the stalk of a solitary flower, 
whether axillary (fig. 389, b , b), or terminal (fig. 397), or to a 
floral axis which bears a number of sessile flowers (figs. 408 and 
409) ; or if the floral axis branches and each branch bears a flower 
(figs. 417 and 418), the main axis is still called a peduncle, and the 
stalk of each flower a pedicel ; or if the axis be still further sub- 
divided, the general name of peduncle (fig. 419) is applied to the 
whole, with the exception of the stalks immediately supporting 
the flowers, which are in all cases called pedicels. When the floral 
axis is thus branched, it is better to speak of the main axis as 
theprimary axis (fig. 419, a'), its divisions as the secondary axes 
a", and their divisions as the tertwry axes a'", &c. 

Kinds of Peduncle.— Under certain circumstances peduncles 
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have received special names. Thus, when a peduncle is elon- 
gated, and gives off from its sides sessile flowers (Jigs. 408 and 
400), or branches bearing flowers (Jigs. 417-419), it is called 
the raehis or axis ; but if, instead of being elongated in a 
longitudinal direction, it becomes shortened, more or less dilated, 
and commonly bearing numerous flowers, it is termed the 
receptacle. This receptacle varies very much in form ; thus, 
it is flattened in the Cotton Thistle (Jig. 422), conical in the 
Chamomile, concave and fleshy in the Dorstenia (Jig. 402), pear- 
shaped and hollowed out in the Fig (Jig. 401) ; or it assumes a 
variety of other intermediate forms. The peculiar receptacle of 
the Dorstenia is sometimes termed a ccenanthinm ; and that of 


Fig. 401. Fig. 402. 



Fig. 401 . Hypanthodium of the | | 

Fig (Ficus Carica ), showing | jfl 

pear-shaped fleshy receptacle ! || 

bearing flowers on its inner j 1 I 

surface. Fig. 402 . Coenan- 1 

thiura of ft species of Dorste - | | 

nia . | ] 

the Fig a hypanthodium ; or by some botanists both kinds are 
distinguished by the latter name. 

It should be observed, that the term receptacle is also applied 
by some botanists to the extremity of the peduncle or pedicel, 
upon which the parts of the flower are placed, whether enlarged 
or not, and whether bearing one or a number of flowers (see 
Thalamus). 

When plants which have no aerial stem bear flowers, the ped- 
uncle necessarily arises at, or under the ground, in which case it 
is called a scape or radical peduncle (Jig. 397), as in the Spring 
Snowflake, Tulip, Hyacinth, Primrose, Cowslip, &c. The scape 
may either bear one flower as in the Tulip, or several flowers 
as in the Hyacinth. 

Forms of Peduncle. — In form the peduncle is generally more or 
less cylindrical, but besides the departure from this ordinary ap- 
pearance as exhibited by the receptacle just described, and its 
modifications, it frequently assumes other forms. Thus, it may 
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become more or less compressed, or grooved in various ways, or it 
may become excessively enlarged during the ripening of the fruit, 
as in the Cashew-nut; or it may assume a spiral appearance, as in 
the Vallisneria (fig. 403); or become spiny, or transformed into a 
tendril ; or it may be hollowed out at its apex, so as to form 
a cup-shaped body, to which the lower part of the calyx is 
attached, as in Eschscholtzia ; or other modifications may occur. 

In some cases the peduncle or pedicel becomes flattened and 
assumes the form of a phyllode, in which case it is termed 
foliaceous or phylloid, or it is called a phylloclade. Examples of 
this occur in the Butcher’s Broom (fig. 404), where the flowers 
arise from its surface, and in XylophyUa , in which the flowers 
are attached to its margins. Sometimes the peduncle, or 
several peduncles united, assume an irregular flattened appear- 
ance, somewhat resembling the fasciated branch already de- 

Fig. 403 . Fig. 404 . 



Fig. 403. Fomale plant of Vallisneria spiralis, with its flowers arranged on 

spiral peduncles. Fig. 404. Portion of a branch of the Butcher’s Broom 

( Ruscus aculeatus), with phjlloid pedicels tearing flowers, a. 

scribed (page 107), and bear numerous flowers in a sort of crest 
at their extremities, as in the Cockscomb. 

Insertion. — In speaking of the branches of a stem, we found 
that in some cases, instead of arising in the axil of leaves, they 
became extra-axillary (page 107) in consequence of adhesions of 
various kinds taking plaoe between them and the stem, and 
other parts. In like manner the peduncle may become extra- 
axillary by contracting adhesions. Thus, in the Lime-tree (fig. 
405), the peduncle adheres to the midrib of the bract, b, for 
some distance, and then becomes free. In many Solanacese, as 
in the Woody Nightshade (fig. 406), the peduncle also becomes 
extra-axillary by forming adhesions to the stem in various ways. 
Duration . — With respect to their duration the peduncle and 
pedicel vary. Thus, they are said to be caducous , when they fall 
off soon after the opening of the flower, as in the staminate or 
male flowers of a catkin ; they are deciduous, when they fall off 
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after the fruit has ripened, as in the Cherry ; they are persistent 
if they remain after the ripening of the fruit and dispersion of 
the seed, as in the Dandelion ; and they are said to be excrescent , 
if they enlarge or continue to grow during the ripening of the 
fruit, as in the Cashew-nut. 


Fig. 405. Fig. 406. 



Fin. 405. Peduncle of the Lime tree (Tilia europoea) attached to the bract, 

b. Fig. 406. Branch of Woody Nightshade (Solanum Dulcamara) with 

extra-axillary peduncle. 


3 . KINDS OF INFLOKESCENCE. 

The term inflorescence is used generally to indicate the 
arrangement of the flowers upon the floral axis, in the same way 
as the term vernation is employed in a general sense for the 
arrangement of the component leaves of a leaf-bud, and that 
of sestivation for the floral envelopes of a flower-bud. As flowers 
are variously arranged upon the floral axis, we have a number 
of differentia % of inflorescence, and to each mode of arrange- 
ment a particU ame is applied. These modifications are 

always the Bame the same species of plant, and frequently 

for entire genera, , ,d even natural orders, and hence their dis- 
crimination is of g.*eat practical importance. All the regular 
kinds of inflorescence may be arranged in two great divisions : 
the general characters upon which they depend being under- 
stood, their several modifications will be readily intelligible. 
These two are usually called Indefinite or Indeterminate , and 
Definite or Determinate Inflorescence. The former is also now 
sometimes termed Botryoid or Botryose ; and the latter Gymose In- 
florescence. In the former, the primary floral axis is terminated 

o 
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by a growing point, analogous to the terminal leaf -bud of a stem 
or a branch ; hence such an axis has the power of growing 
in an upward direction, or of dilating more or less horizontally, 
in the same manner as the terminal leaf-bud of a stem or 
branch has the power of elongating, and thus adding to its 
length. There is consequently no necessary limit to the growth 
of such an axis, and hence the name of Indeterminate or Indefi- 
nite which is applied to it. Such an axis as it continues to grow 
upwards developes on its sides other flower-buds, from which 
flowers are produced, and these, like those of a branch, are 
situated in the axil of modified leaves called bracts, as we have 
before seen. All the flowers therefore of an Indefinite Inflorescence 
must be necessarily axillary , and hence this inflorescence is also 
termed axillary. The general characters of Indefinite, Indeter- 
minate, or Axillary Inflorescence, depend therefore upon the 
indefinite growth of the primary axis ; while the secondary, 
tertiary, and other axes which are developed from it, are 
terminated by flower-buds. In the Definite or Determinate In - 
flwescence , on the contrary, the primary axis is terminated at an 
early period by the production of a flower-bud ; such an axis has 
therefore a limit at once put to its growth in an upward direc- 
tion, and hence the names of Definite, Determinate, or Terminal 
applied to it. Each of these classes of inflorescence presents 
us with several modifications, which we now proceed to describe. 

1. Indefinite, Indeterminate, or Axillary Inflores- 
cence. — The simplest kind of inflorescence in this class is that 
presented by such plants as the Pimpernel (fig. 389), in which 

solitary flowers, b, b, are deve- 
Fig. 407. loped in the axils of what are 

commonly regarded as the ordi- 
nary leaves of the plant, a, a, 
although properly leafy bracts, 
the primary axis continuing to 
elongate in an upward direc- 
tion and bearing other leaves 
and flowers. The flowers are 
then said to be solitary and 
axillary. When such flowers 
are arranged in whorls round 
the stem, as in the common 
Mare’s Tail, each flower being 
axillary to a leafy bract (fig. 407), they are said to be whorled . 

When a number of flowers instead of a single one are developed 
upon an elongated or shortened or dilated floral axis placed at the 
extremity of a branch, or in the axil of a bract, a number of 
kinds of inflorescence arise. All these depend upon the extent 
to which the axis branches, the mode in w hich the branching 
takes place, the comparative lengths of the flower-stalks, and 
other subordinate circumstances. It will be convenient to de- 
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scribe these various modifications under two heads — 1st, those 
kinds of Indefinite Inflorescence with an Elongated Primary 
Axis ; and 2nd, those with a Shortened or Dilated Primary Axis. 
In all kinds of indefinite inflorescence it will be found that 


the flower-buds always open in succession from the base to the 
apex if the axis is elongated {figs. 409 and 417), hence these in- 
florescences have been also called acropetal or ascending ; or from 
the circumference towards the centre if the axis is depressed or 
dilated (fig. 423), therefore such forms are also called centripetal. 
This acropetal or centripetal order of expansion necessarily arises 
from the mode of development of such kinds of inflorescence ; 
thus, the flower-buds situated at the base of an elongated axis 
are those that are first formed and which are consequently the 


oldest ; but as the axis elongates 
upwards, it is continually producing 
other flower-buds, the age of which 
continues to decrease as we approach 
the growing point or apex ; and as 
flower-buds are necessarily most 
developed in the order of their age, 
it follows that those at the base will 
open first, and that the order of 
expansion will proceed gradually 
upwards towards the apex, or aero - 
pet ally. In the same way the flower- 
buds situated at the circumference of 
a shortened or dilated axis are first 
formed, and those nearest the centre 
or growing point last, and therefore 
their expansion will proceed from 
the circumference to the centre, or 
centripetally. 

A. Kinds of Indefinite or In- 
determinate Inflorescence with an 
Elongated Primary Axis. — These 
are as follows : — 

a. The Spike. — This is a kind of in- 
florescence in which the floral axis is 
elongated and bears sessile flowers, 
or flowers in which the pedicels are 
very short, so as not to be clearly 
distinguishable. Examples of it 
may be seen in the Rib-grass {fig. 
408), and Vervain {fig. 409). in 
this kind of inflorescence it will be 


Fig. 408. Fig. 409. 



Fig. 408. Spike of a species of 

Rib-grass ( Plantogo ). Fig. 

409. Spike of Vervain (Fe/- 
bena). 

observed that the flowers 


at the lower part of the spike have passed into fruit {fig. 409), 
while those near the middle are in full flower, and those at the 
top are still undeveloped. Such an inflorescence exhibits 
therefore, in a marked degree, the acropetal order of expansion. 

o 2 
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There are five other kinds of indefinite inflorescence which 
are simply modifications of the spike. These are the Amentum 
or Catkin, the Spadix, the Locusta, the Cone, and the Strobile. 

b. The Amentum or Catkin . — This is a kind of spike which 
usually bears barren flowers — that is, only staminate (Jig. 410), or 
only pistillate (Jig. 411) ones. The flowers of an amentum are 
also usually separated from each other by scaly bracts, and the 
whole inflorescence (at least as regards the staminate catkins) 
commonly falls off in one piece, soon after the process of 
flowering. The bracts have sometimes one, or at other times 
several flowers in their axils. All plants with this kind of inflor- 
escence are called amentaceous or amentiferous. Our trees afford 
numerous examples, as the Oak, Willow, Birch, and Poplar. 


Fig. 410. 



Fig. 411. 



Fig. 410. Staminate amentum or catkin of a species 

of Willow (Sahx). Fig. 411. Pistillate or car- 

pcllary amentum of a species of Willow, with 
scaly bracts between the carpels. 


c. The Sfjwlix is a spike with a succulent axis, in which the 
individual flowers have no special bracts, but the whole in- 
florescence enclosed in that variety of bract which is called 
a spathe. This is well seen in the Cuckoo-pint (fig. 398). 
Sometimes the spadix branches, as in Palms (fig. 412), in 
which case it is called comjxmnd or branching. The term 
spadix is also frequently applied to a succulent spike, whether 
enveloped in a spathe or not, as in the Sweet Flag (Acorus 
Calamus). 

d. The Locusta or Spikelet. — This name is applied to the 
partial inflorescence of Grasses (fig. 400), and of plants of the 
Sedge Order. It is a spike with a few flowers, and these desti- 
tute of a true calyx and corolla, their place being occupied by 
paLese or pales (fig. 400, ps, pi ), and the whole inflorescence sur- 
rounded at the base by one or two empty bracts (glumes), gl , gl. 
These spikelets may be either arranged sessile on the floral axis 
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or rachis {fig. 413), as in Wheat, or they may be placed on a 
more or less branched axis, as in the Oat {fig. 414). The spike- 
lets of plants of the Sedge Order present certain peculiarities, 
but they are essentially of the same nature as those of Grasses. 


Fig. 412 . Fig. 413 . Fig. 414 . 



Fuj. 412. Branched spadix of a Palm ( Chamarcps ), enveloped in a spathe. 

Fuj. 413. Inflorescence of Wheat ( Tnticu/n litigate). consisting of 

numerous sessile spikelete arranged on a common axis (rachis). Fig. 

414. Branched or panieled inflorescence of the Oat (A vino, saUva). 

e. The Cone . — This is a kind of spike, found in plants of the 
order Coniferse, as the Larch, Pine, and Fir {figs. 288 and 415). 
It is composed of a collection of imbricated scales or open carpels 
arising from the axilB of bracts, and bearing two or more ovules 
at their base {fig. 15, ov). 

The cone is sometimes regarded as the fruit or psendocarp of a 
single flower, and not an inflorescence or collection of flowers 
as here described. Some botanists, again, do not distinguish 
between a cone and a strobile, but put the two inflorescences 
together under the common name of cone or strobUus , which 
they define as a collection of persistent woody or membranous 
scales or bracts, each of which bears a pistillate flower at its base. 

f. The Strobilus or Strobile . — This is a kind of spike formed 
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of persistent membranous bracts or scales, each of which bears 
at its base a pistillate flower. It is seen in the Hop (fig. 416). 

All the kinds of indefinite inflorescence at present described 
owe their essential characters to the flowers being sessile upon an 
elongated axis. We now pass to describe others, in which the 
axis is more or less branched, and the flowers consequently 
situated upon stalks. The simplest of these is the Raceme. 



Fig. 416. 



Fig. 415. Cone of Hemlock Spruce ( Ptnu<t or Abies canadensis). Fig. 416 

Strobile of the Hop ( Humulus Lupulus). Fig. 417. Raceme of a species 

of Cherry (Prunus or Cerasus). 

g. The Raceme. — This name is applied to that form of inflores- 
cence in which the primary axis is elongated, and bears flowers 
placed on pedicels of nearly equal length (fig. 417). It only 
differs from the spike in the flowers being distinctly stalked in- 
stead of sessile or nearly so. Examples occur in the Currant, 
Mignonette, Hyacinth, Laburnum, Barberry, and Fumitory. 

h. The Corymb. — This is a kind of raceme in which the pedi- 
cels are of different lengths (fig. 418), viz. those, a" a", at the 
base of the primary axis, a' y longer than those towards and at 
the apex, so that the whole form a level, or nearly level top. 
Examples may be seen in some species of Prumis (fig. 418). 
When the stalks or secondary axes of a corymb (fig. 419, a ") 
instead of bearing flowers immediately, divide and form tertiary, 
a'" a'", or other axes, upon which the flowers are then placed, 
it is termed compound or branching , as in some species of Pyrus. 
This may also be called a pmicled corymb , to distinguish it from 
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the former or simple corymb, which is then termed a racemose 
corymb. It sometimes happens that when the flowers are first deve- 


Fig. 418 . Fig. 419 . 



Fig. 418. Simple corymb of a species of Primus or Cerastu. a*. Primary- 
axis, bearing bracts, b , 6, from the axils of which pedicels, a", a", arise. 

Fig. 419. Compound or branching corymb of the Wild Service tree 

( Pyrus torminalix). a'. Primary axis, a", a". Secondary axes, a'", a'". 
Tertiary axes, b, b , b. Bracts. 



Fig. 420. Panicle. 


loped they form a corymb, but as the primary axis elongates a 
raceme is produced ; this may be seen in many Cruciferous plants. 
In several species of Juncus and Luzula, the pedicels of the 
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lower flowers are bo long that they are elevated above the upper 
ones, in which case the inflorescence is sometimes distinguished 
by the term anthela. 

i. The Panicle , — This is a sort of compound raceme, that is 
to say, a raceme in which the secondary axes, instead of pro- 
ducing flowers directly, branch, and form tertiary axes, &c., the 
ultimate subdivisions of which bear the flowers (fig. 420). Ex- 
amples occur in the Yucca gloriosa , and in the general arrange- 
ment of the partial inflorescences of the Oat (fig. 414). 

k. The Thyrsus or Thyrse . — This is a kind of panicle which 
is much branched ; the pedicels generally very short ; and the 
whole arranged so as to form a compact cluster of a pyramidal 


Fig. 421 . 


Fig. 422 . 




Fig. 421. Thyrsus of Vine ( Vitu vinifera). Fiq 422. Capitulum of Cotton 

Thistle ( Onopordum Acanthium). 


form (fig. 421). Examples may be found in the Horsechestnut 
and Lilac. 

B. Kinds of Lidefinite Inflorescence with a Shortened or Dilated 
Primary Axis . — Of these we distinguish two principal varie- 
ties : — the Capitulum or Anthodium, and the Umbel. 

a. The Capitulum , Anthodium , or Head . — This inflorescence 
was formerly called a Compound Flower ; and its involucre a 
Common Calyx . Its constituent flowers from their small size are 
commonly termed florets. This inflorescence is usually formed 
by a number of sessile florets crowded together on a receptacle, 
and the whole surrounded by an involucre (Jig. 394) ; but in some 
cases the florets are but few in number, and in other capitula the 
involucre is absent. The receptacle, as we have seen (page 191), 
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may be either flattened as in the Cotton Thistle (Jig. 422) ; 
or slightly convex, as in the Dandelion ; or conical, as in the 
Chamomile ; or globular, as in the American Button Bush ; or 
elliptical, &c., by which a variety of forms is given to the capi- 
tula. This kind of indefinite inflorescence, as well as all others 
with shortened or dilated primary axes, also exhibit a centri- 
petal order of expansion. This may be well seen in the capitu- 
lum of the Scabious (Jig. 423), where the outer florets are fully 
expanded, those within them less so, and those in the centre in 
an unopened condition. Here therefore the order of expansion 
is towards the centre — that is, centripetally. The capitulum is 
the universal form of inflorescence in plants of the natural orders 
Composite and Dipsacacese ; it is also found, more or less, in 
some orders allied to these. 

Fig. 423. 



Fig 424. 



Fig. 423. Capitulum of 
Scabious (Scabiom). 
The outermost florets 
may be observed to be 
more expanded than 

the inner. Ftg. 424. 

Simple umbel of a 
species of Allium. 


The arrangement of the flowers of the Fig (Jig. 401) and Dor- 
stenia (Jig. 402) also cloBely resembles that of an ordinary capitu- 
lum, but the involucre is in these inflorescences always absent, and 
the flowers commonly unisexual and developed centrifugally. 

b. The Umbel . — When the primary axis is shortened, and gives 
off from its apex a number of secondary axes or pedicels of nearly 
equal length, each bearing a flower, and the whole arranged like 
the ribs of an umbrella, an umbel is formed (Jig. 424), as in the 
Primrose and Cowslip. When the secondary axes themselves 
divide, and form tertiary axes, which are also arranged in an 
umbellate manner, a compound umbel is produced. This is 
seen in the Carrot (Jig. 393), the Fennel (Jig. 425), the Fool’s 
Parsley, the Hemlock, and other allied plants, which are 
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henoe called umbelliferous, and give the name to the natural order 
TJmbelliferse. In the compound umbel (fig. 425), the primary 
umbel a is called the general umbel , and the other umbels, b, b , b , 
formed by the divisions of this, partial umbels or umbellules. 
When the base of the general umbel is surrounded by a whorl 
of bracts (fig. 393, a) they constitute a general involucre ; and if 
other bracts, b , b, are arranged in a similar manner around the 
partial umbels, each of these whorls of bracts forms an involucel or 
partial involucre. These varieties of arrangement have been 
already alluded to when speaking of bracts (page 187). 


Fig. 425. Fig. 426. 



Fig. 425. Compound umbel of Fennel, a. General umbel, b , b, b. Partial 

umbels or umbellules. Fig.426. Portion of the floral axis of a species of 

Gentian ( Gentiana acauhs), terminated by a solitary flower, below which 
are two bracts. 

2. Definite, Determinate, or Terminal Inflorescence. 
— In all kinds of definite inflorescence the primary axis, as we 
have seen, page 194, is arrested in its growth at an early age by 
the development of a terminal flower-bud, and if the axis bears 
no other flowers this is called a solitary terminal flower, and is 
the simplest form of this variety of inflorescence. Examples of 
this may be seen in the stemless Gentian (fig. 426), and in the 
Wood Anemone (Anemone nemorosa). When other flowers are 
produced on such an axis, they must necessarily arise from axil- 
lary buds placed below the terminal flower-bud ; and if these 
form secondary axes (fig. 427, a"), each axis will in like manner 
be arrested in its growth by a terminal flower-bud /'; and if other 
axes a'" are developed from the secondary ones, these also must 
be axillary, and will be arrested in a similar manner by flowers/", 
and these axes may also form other axes of a like character, 
and so on. Hence this mode of inflorescence is definite , deter- 
minate, or terminal, in contradistinction to the former or indefi- 
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nite mode of inflorescence already described (page 193), where the 
primary axis elongates indefinitely unless stopped by some extra- 
neous cause. Definite inflor- 

escences are most common and * IG * 4 1 *' * 


regular in plants with opposite 
or whorled leaves, but they 
also occur in those which 
have alternate leaves, as for 
instance in the species of 
Ranunculus (Jig. 427). Inde- 
finite inflorescences the flower- 
buds necessarily follow a diffe- 
rent order of expansion from 
those of indefinite inflorescen- 
ces, because in them the termi- 
nal flower is the first developed 
and consequently the oldest 
(Jig. 427, f), and other flower- 
buds are produced in succes- 
sion from the apex to the 
base, if the axis be elongated, 
or if shortened or di- 
lated, from the centre to the 
circumference. The upper- 
most flower-bud of the elon- 
gated axis (Jig. 427, /), and 
the central one of the shor- 
tened or dilated axis will 
accordingly open first ; and 



the lowermost of the former 
and the most external of 
the latter, last. Such an order 
of expansion is called centri- 
fugal or regressive. Hence 
while the indefinite kinds of 


jP<; 7. 427. A plant of Ranunculus bulbosus. 
a '. a'. Primary axis terminated by a fully 
expanded flower,/', a". Secondary axis, 
which is also terminated by a flower, /", 
not so fully developed as/', a"'. Tertiary 
axis terminated by a flower-bod,/"', which 
is less developed than/' and/'. 


inflorescences are characterised 


by an acropetal , progressive, or centripetal order of expansion ; 
those of definite inflorescences are regressive or centrifugal . 

Kinds of Dejinite or Determinate Inflorescence , — The kinds of 
definite inflorescence are also termed cymose , as the general 
name of cyme is applied to all such inflorescences. But some 
are also distinguished by special names : — 

a. The Cyme . — This term is applied generally to a definite 
inflorescence which is more or less branched, the whole being 
developed in a corymbpse or somewhat umbellate manner, so 
as to assume either a flattened head, as in the Laurustinus 
(Jig. 428), Dogwood, and Elder ; or a rounded one, as in the 
Hydrangea ; or more or less spreading, as in the Chi<&weed (Jig. 
429) and Centaury (Jig. 430). In the more perfect and compact 
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form of cyme, as found in tbe Laurustinus and Elder, the flower- 
buds are all nearly perfect before any of them open, and then the 

Fig. 428 . 



Fig. 428. Cyme of Laurustinus ( Viburnum Tin its). 



Fiff.429' Dichasial cyme or Dichasium of a species of Chickwced(Oro*Mttm). 
a '. Primary axis terminated by a flower, a", a". Secondary axes, two in 
number, arising from the axils of opposite bracts, b, b, and terminated also 
by flowers. a'", a'", o'", a'". Tertiary axes, four in number, arising from 
bracts, b, and bearing other bracts, b, from which tbe quaternary axes, 
eight in number, arise, a"", a'"', a"". The flowers are more developed on 
tbe primary axis than on tbe other axes ; thus the one terminating that 
*-r1« is in the state of fruit ; the flowers of the axes of a" and a'" are also 
in fruit, but lees developed than that of a ', while m the axes a"" the flowers 

only are expanded. Fig. 430. Dicbasial cyme or Dichasium of the Centaury 

(ErytArcea Ontaurium). a,', a", a"', a"", Floral axes. A/",/'",/"". 
Flowers terminating those axes respectively. The flowers will be observed 
to be most developed in proportion to their age ; thus/' is in the state of 
fruit,/",/", expanded, t"", /''',/'", and the others still in bud. 
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flowering takes place rapidly, commencing in the centre of the 
cyme, and then in the centre of each of its divisions, and thence 
proceeding in an outward direction ; and as the central flower of 
each cluster corresponds to the apex of a branch, the expansion 
of the whole is centrifugal. By attention to this order of ex- 
pansion such cymes may be always distinguished from indefinite 
kinds of inflorescence, such as the umbel, or corymb, to which 
otherwise they bear in many cases a great resemblance. In the 
Cliickweed (fig. 429), and many other plants, the formation of the 



secondary, tertiary, and other axes a", a a"", goes on through- 
out the growing season, and in such cymes, which are usually 
of a more or less spreading nature, the centrifugal order of 
expansion may be well observed. 

The above cymes are sometimes characterised according to 
the number of their branches as dichotomous, <fec. ; thus they are 
dichotomous, as in the common Centaury (fig. 430), when the 
primary axis a f is terminated by a flower/', at the base of which 
are two bracts, each of which developes in its axil secondary 
axes a", a ”, ending in single flowers, f', f"; and at the base of 
each of these flowers there are also two other bracts, from 
which tertiary axes a f// f o'", are developed, also terminated 
by flowers /", f'\ and so on, and as the division in this case 
always takes place into two branches, the cyme is said to be 
dichotomous . The cyme of the Ohickweed ( fig . 429 j is also 



Such cymes are also frequently characterised as coiymbose, 
or umbellate, from their resemblance to the true corymb, or 
umbel; or as globose, linear, &c ., according to their general 
form. 

When a definite inflorescence does not assume a more or less 
corymbose or umbellate form, as in the ordinary cyme just de- 
scribed, it is best characterised by terms derived from the kind of 
indefinite inflorescence to which it bears a resemblance. Thus 
when a cyme has sessile flowers, or nearly so, as in the Sedum (Jig. 
431), it may be described as a spiked cyme ; when it has its flowers 
on pedicels of nearly equal length, as in the Campanula (Jig. 432), 
as a racemose cyme ; or when it assumes the form of a panicle, 
as in the Privet (Jig. 433), as a panickd cyme. These latter 
terms, however, although in many cases very characteristic, are 
but little employed. These forms of cymes are readily distin- 
guished from the true racemes and other kinds of indefinite 
inflorescence, by the terminal flowers opening first, and the 
others expanding in succession towards the base, or in a centri- 
fugal manner ; while in the true raceme, and the other kinds 
of indefinite inflorescence, the flowers open first at the base and 
last at the apex, or centripetally. 

Besides the ordinary cyme and its varieties mentioned 
above, other kinds of cymose inflorescences have also received 
particular names, as the Helicoid or Scorpioid Cyme, the Fascicle , 
the Glomerule , and the Vertidllaster ; these we must now briefly 
describe. 

b. Helfcoid or Scorpioid Cyme. — This is a kind of cyme in 
which the flowers are only developed on one side, and in which 
the upper extremity is more or less coiled up in a circinate 
manner, so as frequently to resemble a snail, or the tail of a 
scorpion ; hence the names helicoid and scorpioid by which such 
a cyme is distinguished. This kind of cyme is especially deve- 
loped in plants of the Boraginacese, as the Forget-me-not (Jig. 
434), and the Comfrey (Jig. 435). In these plants the bracts 
are alternate ; but such a cyme may also occur in plants 
with opposite bracts, and the manner in which it is most com- 
monly believed to be formed in the two cases, is as follows : — 
Thus, in plants in which the bracts are opposite, it arises by the 
regular non-development of the axes on one side, while those on 
the other side are as regularly produced. This will be readily 
explained by a reference to the diagram (Jig. 436). Here a 
represents the flower which terminates the primary axis ; at the 
base of this flower are two bracts, only one of which de- 
Velopes a secondary axis b , which is in like manner terminated 
by a flower, at the base of which are also two bracts, only one 
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of which, (i.e. that on the same aide with the first) produces a 
tertiary axis, c, also terminated by a flower with two bracts at its 
base, one of which gives origin to another axis, d , placed in a 

Fig. 438. Fig. 484. 




Fi<f. 433. Panicled cyme of the Privet 
( Ligu&trum vulgare). at. Primary 
axis, a", a". Secondary axes, a'", a'". 
Tertiary axes, c, c. The central flowers 
of the respective clusters, which are 
seen to be in a more expanded state 
than those surrounding or below them. 

Fig. 434. Scorpioid cyme of the 

Forget-me-not (Myosotis palustrit). 


Fig. 435. 
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similar maimer, and so on. The place of the axis which is un- 
developed at each ramification is indicated by a dotted line. In 
consequence of this one-sided (or as it is called secwnd) manner 
in which the successive axes are produced, the direction of the 
inflorescence is constantly drawn to one side at the formation of 
each axis, and that in proportion to the size of the angle formed 

Fig. 430. Fig. 437. 




Fig. 436. Diagram to illustrate the formation of a helicoid cyme in a plant 
with opposite bracts, a. Flower terminating the primary axis. b. Secon- 
dary axis. c. Tertiary axis. d. Quaternary axis. Each axis is termin- 
ated by a flower. The dotted lines represent the position of the unde- 
veloped axes. Fig. 437. Diagram to illustrate the formation of a helicoid 

cyme in a plant with alternate bracts. The figures represent the respec- 
tive axes, and the dotted lines below the flowers the position of the bracts. 

by it with the axis from which it springs, and thus when the angle 
is large, and many flowers are produced in succession, the upper 
extremity becomes completely coiled up in a circinate manner 
(fig. 430). In plants with alternate bracts, the helicoid cyme 
arises from the primary axis (fig. 437, 1) being terminated by a 
flower, and giving off below it from the uppermost bract a secon- 
dary axis 2, which also terminates in a flower, and gives off 
below it in like manner from the same side as the former a 
third axis 3, which likewise terminates in a flower, and so on 
as seen by the figures. The place of the bracts is indicated by 
the dotted lines below the flowers. 

The terms helicoid and scorpioid are thus used by us indiffer- 
ently to indicate the same form of unilateral , monochatial , or 
uniparous cyme. This is the sense in which we have employed 
them in previous editions of this manual, and in which we 
follow De Candolle, Le Maout, Decaisne, Hooker, and other 
botanists. We are still induced to do so, because their nature 
is at present by no means well defined, and from the synonymy 
being best understood and practically exemplified in Descriptive 
Botany, at least in this country. But most Continental botanists 
distinguish two kinds of uniparous cymes, under the respec- 
tive nam es of helicoid cyme or bostryx } and scorpioid cyme or 
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cicinnus. Thus in what is termed the helicoid cyme , the suc- 
cessive lateral branches always arise from the same side, — that 
is, either light or left of the main axis (see page 104 and fig. 
207, a), as in Hemerocallis ; while in the scorpioid cyme, the 
successive lateral axes are developed alternately right and left 
of the main axis (see page 104, and fig. 207, b), as in the Rock 
Rose ( Helianthernum ), and Sundew ( Drosera ). 

Both helicoid and scorpioid cymes have been commonly re- 
garded as sympodial inflorescences ; and to consist of a series of 
single-flowered axes, all of which are developed on one side as in 
the former, or alternately on opposite sides as in the latter. The 
investigations, however, in recent years of Kraus, George Hen- 
slow, Goebel, and other botanists, seem to prove that the scor- 
pioid cyme is not a sympodial development, but a monopo- 
dial or indefinite kind of inflorescence, or, in other words, a 
unilateral raceme. 

Practically, the helicoid or scorpioid cyme, in the sense as de- 
fined by us above, may be distinguished from the ordinary raceme, 
at least when the bracts are developed, as follows : — thus, in the 
raceme, the flowers always arise from the axil of the bracts, 
while in the cyme they are placed opposite to the bracts {fig. 
437), or, at all events, more or less extra-axillary. But in those 
cases where the bracts are abortive, as in most plants of ihe 
Boraginaceje, its discrimination from the raceme is often difficult, 
or even impossible, and its nature can only be ascertained by 
comparison with allied plants. 

Other views of the nature of these cymes have been also 
entertained by botanists ; thus, Kaufmann and Warming believe 
that bracteate scorpioid cymes arise from repeated dichotomy of 
the apex of an axillary bud. The further discussion of this 
subject, however, would be out of place in an elementary 
manual, and therefore for more detailed particulars we must 
refer our readers to Sachs’s 1 Text-Book of Botany,’ translated 
by Bennett and Dyer, page 521 ; and to an article in ‘ Tri men’s 
Journal of Botany ’ for January 1881, on ‘The History of the 
Scorpioid Cyme,’ by Sydney H. Vines. 

c. The Fascicle or Contracted Cyme. — This name is applied to 
a cyme which is rather crowded with flowers placed on short 
pedicels of nearly equal length, and arising from about the same 
point, so that the whole forms a flattened top, as in the Sweet 
William and some other plants of the Pink order to which it 
belongs. 

d. The Glomerule. — This is a cyme which consists of a few 
sessile flowers, or of those w r here the pedicels are very short, 
collected into a rounded head or short spike. Examples may be 
seen in many Labiate plants, in species of Nettle, and in the Box 
iU 438). 

e. The Verticillaster. — This kind of cyme is seen in the 
White Dead-nettle (fig. 388), and usually in other plants of the 

p 
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Labiate order to which it belongs. In it the flowers appear at 
first sight to b9 arranged in whorls around the axis, but upon 
examination it will be seen that, in each apparent whorl, there 
are two clusters or glomerules axillary to two leafy bracts, the 
central flowers of which open first, and hence the mode of ex- 
pansion is centrifugal. To these false whorls thus formed of 
two cymose axillary glomerules, the term verticillaster is fre- 
quently applied. This variety of inflorescence is sometimes 
regarded as a contracted form of the dichasium. 

We have now finished our description of the different kinds of 
regular inflorescence, and from what we have already stated, it 
may be readily understood that they may be situated either at 

Fig. 439. 


Fig. 438. 



Ftq 438. Inflorescence of the Box 

( Baxus lempervirem). Fiq 

439. Mixed inflorescence of a 
species of Senecio. 



the apex of the stem, or at the extremities of branches, or in the 
axil of bracts. But besides the above regular kinds of inflor- 
escence, all of which are comprehended under the two divisions 
of indefinite and definite, there is a third division, which con- 
sists in a combination of these two forms, to which the term 
mixed inflorescence has been accordingly given. 

3. Mixed Inflorescence —This kind of inflorescence is by 
no means uncommon. It is formed by the general inflorescence 
developing in one way, and the partial or individual inflor- 
escences in another. Thus in plants of the natural order Com- 
posite (jig. 439), the terminal capitulum is the first to expand, 
and the capitula, as a whole, are therefore developed in a centri- 
fugal manner ; while the individual capitula open, as we have 
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seen (page 201), their small flowers or florets from the circum- 
ference to the centre, or centripetally ; hence, here the general 
inflorescence is definite , and each partial inflorescence indefinite . 
In Labiate Plants we have a directly reverse arrangement, for 
here the individual verticillasters open their flowers centri- 
fugally (fig. 388), but the general inflorescence is centripetal ; 
hence the general inflorescence is here indefinite , while each 
partial inflorescence is definite. 

Section 2. Of the Parts of the Flower ; and their 
Arrangement in the Flower-bud. 

In common language, the idea of a flower is restricted to that 
portion in which its bright colours reside ; but botanically, we 
understand by the flower, the union of all the organs which con- 
tribute to the formation of the seed. We have already stated 
that the parts of the flower are only leaves in a modified condi- 
tion, or rather, the analogues of those organs, or homologous 
formations adapted for special purposes ; and that hence a 
flower-bud is to be considered as the analogue of a leaf -bud, and 
the flower itself of a branch, the internodes of which are but 
slightly developed, so that all its parts are placed in nearly the 
same plane. The detailed examination of this theoretical notion 
of a flower will be reserved till we have finished the description 
of its different parts or organs, when we shall be better able to 
understand it, as well as other matters connected with its sym- 
metry, and the various modifications to which it is liable. (See 
General Morphology.) 

1. PARTS OF THE FLOWER. 

The parts of a flower have been already treated of in a general 
manner. (See page 15.) But before describing them in detail 
we must treat of their arrangement in the flower-bud- — that is, 
of aestivation. 


2. ESTIVATION OR PR.EFLO RATION. 

As the general arrangement of the rudimentary leaves of the 
leaf-bud is called vernation (the spring state), so the mode in 
which the different parts of the flower are disposed in the flower- 
bud is termed their estivation (the summer state), or pnefiora- 
tion. The various modifications of aestivation are generally the 
same as those of vernation, and the terms employed in describ- 
ing them are therefore the same ; but the former present some 
peculiarities, which renders it necessary for us briefly to refer to 
their different arrangements. The terms used in [estivation 
especially refer to the relative positions of the component parts 
of the qilyx and corolla, because the stamens and carpels, from 
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their peculiar forms, can give us no such arrangements of their 
parts as are exhibited by the floral envelopes. 

In describing the modifications of aestivation, we have, as in 
the case of vernation, to include : 1st, the disposition of each of 
the component parts of the floral envelopes, considered inde- 
pendently of the others ; and 2nd, the relation of the several 
members of either of the floral envelopes taken as a whole in 
respect to one another. With regard to the disposition of each 
of the component parts of the floral envelopes considered inde- 
pendently of the others, the same terms are used as in similar 
modifications of vernation (page 149), with the addition of the 
crumpled or cormgated form, which is not found in the parts of 
the leaf -bud. This latter variety may be seen in the petals of the 
Poppy ( Papaver ), and Rock-rose (Helkmthenvum) : and it derives 
its name from the parts being irregularly contracted into wrinkled 
folds. 

With respect to the relation of the several members of either 
of the floral envelopes taken as a whole to one another, various 
modifications occur, all of which may be arranged in two divisions : 
namely, the Circular, and the Imbricated or Spiral J, Estivation . 
The former includes all those varieties in which the component 

F U..440. Fig. 441. Fig. 442. Fig. 44.% 



Fin. 440. Diagram to illustrate valvate ipslivntion Fi/ 441. Diagram to 

illustrate induplicate activation Fuf 442 Diagiam to illustrate redu- 
plicate aestivation. Fnj. 443. Diagram to illustiate contorted or twisted 

activation. 

parts of the whorl are placed in a circle, and in nearly the same 
plane ; and the latter those where they are placed at slightly 
different levels in a more or less spiral manner, and overlap each 
other. 

1. Varieties of Circular JEhiivation. — We distinguish three 
well-marked varieties of this, i.e. the valvate, induplicate , and 
reduplicate. The valvate (Jig. 440), may be seen in the calyx of 
the Lime, and in that of Gnazuma nlmifolia ; in this variety the 
parts are flat or nearly so, and in contact by their margins 
throughout their whole length without any overlapping. This 
variety of aestivation may be generally distinguished, even when 
the flowers are expanded, by the margins of its component parts 
being slightly thickened, or at all events not thinner than the 
rest of the organ ; whereas in all varieties of imbricated or spiral 
aestivation, the overlapping margins are usually thinner, as may 
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be well seen in the sepals of the Geranium. When the compo- 
nent sepals, or petals, instead of being flattened, are folded 
inwards, at the points where they come in contact (fig. 441), 
the aestivation is induplicate , as in the petals of Guazuma ulmi- 
folia , and in the calyx of some species of Clematis. When the 
margins are turned outwards under the same circumstances (fig. 
442), the aestivation is reduplicate , as in the calyx of the Holly- 
hock (Althaea rosea), and some other Malvaceous plants ; and in 
the corolla of the Potato. 

When the parts of a whorl are placed at the same height, or 
apparently so, as in the ordinary forms of circular aestivation, and 
one margin of each part is directed obliquely inwards, and is 
overlapped by the part adjacent on that side, while the other 
margin covers the corresponding margin of the adjoining part on 
the other side, so that the whole presents a more or less twisted 
appearance (fig. 443), the aestivation is contorted or twisted. 
When in this variety of aestivation the component organs be- 
come united, they may be variously Rafted or plicate, as in the 
ooiolla of the common Bindweed and of other Convolvulacem, 
in which case the Aestivation is usually termed plicate or plaited. 
Contorted or twisted aestivation may be considered as intermedi- 
ate between the Circular and Imbricated forms. It occurs very 
frequently in the corolla, but is very rare in the calyx. Ex- 
amples may be seen in the corolla of the Hollyhock and other 
Malvaceous plants ; in that of the common Flax (Linum usita - 
tissimum ), and generally in the order Linaceae ; in the St. John’s 
Wort (Hypericum) ; in the Periwinkle (Vinca), and in many other 
plants of the order Apocynaceie, to which this plant belongs. 

2. Varieties of Imbricated or Spiral Aestivation . — We distin- 
guish five varieties of this kind of aestivation, i.e. , the imbricute, 
convolute or enveloping, quincuncial, cochlear, and vexillary. The 
true imbricate aestivation, as seen for instance in the calyx of 
Camellia japonica (fig. 444), is formed by the parts being placed 
at different levels, and overlapping each other more or less 
by their margins like the tiles on a house, the whole form- 
ing a spiral arrangement ; it is a very common variety. When 
the parts, instead of merely overlapping, completely enve- 
lope each other, as in the calyx of Magnolia grandifiora, and in 
the corolla of Camellia japonica, the aestivation is termed convo- 
lute by some botanists ; but this term is now more frequently 
applied to the contorted variety of aestivation, when the parts 
overlap to a considerable degree, as in the Wallflower. When 
the parts of a floral whorl are five in number, and these imbri- 
cated in such a manner that there are two parts placed on the 
outside, two inside, and the fifth overlapping one of the internal 
by one margin, while it is itself overlapped on its other margin 
by one of the external parts, the aestivation is said to be quin- 
cuncial (fig. 445). Familiar examples of this form are afforded 
by the corolla of the Rose, and the calyx of the Bindweed (Caly- 
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stegia sepinm ). In this kind of Aestivation the spiral arrange- 
ment of the parts is well seen, and is indicated in the diagram 
(fig. 446) by a dotted line. The spiral cycle thus formed, which 
is the normal one in pentamerous or quinary flowers (those with 
the parts in fives), and which occurs in the majority of Dico- 
tyledonous plants, corresponds to the jj, pentastichoux , or five- 
ranked arrangement of leaves. When in a quincuncial arrange- 
ment the second part of the cycle becomes wholly internal in- 
stead of being external, the regularity of the quincunx is inter- 
rupted, and a variety of Aestivation occurs, to which the name 
cochlear has been given (fig. 44G). Familiar examples of this 
are afforded by the Snapdragon (Antirrhinum majus), and other 
allied plants. Another modification of imbricate Aestivation 
occurs in the corolla of the Pea and other allied plants, 

Fig. 444 . Fig. 44 . 3 . Fig. 44 ( 5 . Fig. 447 . 
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Fig. 444. Pin pram to illustrate imbricate aestivation. The figures 1, 2, 3. 4, 

. r ). show that the successive part ; are arranged in a spiral manner. Fig. 

445. Diagram to illustrate quincuncial aestivation. 1 anil 2 are ex- 

teranj, 4 and 5 internal, and 3 is partly external and partly internal. 

Fig. 446. Diagram to iliustmte cochlear activation. The part marked 2 
in the premling diagram is here wholly internal instead of external as in 
the quincuncial arrangement. The dotted line marked 2, indicates its 

normal position in the true quincuncial variety of aestivation. Fig. 447. 

Diagram to illustrate vexillary aestivation. 1 and 2 form the ala* or wings, 

3 and 5 the carina or keel, 4 the voxillum. (See Papilionaceous Corolla.) 

where the superior petal 4, which is generally the largest, and 
called the vexillvm is folded over the others which are arranged 
face to face (fig. 447). This kind of aestivation is commonly 
termed vexillary. 

It frequently happens that the calyx and corolla exhibit 
different kinds of aestivation. Thus, in Guazuma nlm.ifolia the 
calyx is valvafe ; and the corolla induplicate. In Malvaceous 
plants the calvx is valvatc or some form of circular aestivation ; 
and the corolla contorted. In these two examples the different 
varieties of aestivation, as exhibited by the two floral envelopes, 
may be considered to belong to the same class of aestivation, i.e. 
the circular. But instances also frequently occur where the calyx 
and corolla present different modifications, and which belong to 
both classes ; thus, in the Corn Cockle (Agrostemma Githago), 
the species of St. John’s Wort (Hypericum), the Geranium, and 
in many other plants, the calyx is quincuncial or imbricated ; and 
the corolla contorted. 
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The kinds of aestivation above described are always constant 
in the same individual, and frequently throughout entire genera, 
and even natural orders ; hence they are of great importance in 
Systematic Botany. For a similar reason they are also of much 
value in Structural Botany, by the assistance they commonly 
afford in enabling us to ascertain the relative succession and 
position of the parts of the flower on the axis. 

The term anthem is sometimes used to indicate the period at 
which the flower-bud opens. 

Besides the definite and constant relations which the parts 
of the floral envelopes have to each other in the flower-bud, they 
also have a definite and constant relation in the same plant 
to the axis upon which they are placed. In describing these 
positions we use the terms anterior or inferior , superior or pos- 
terior , and lateral. Thus, we call that organ posterior or superior , 
which is turned towards the axis ; and that next the bract from 
the axil of which it arises, inferior or anterior. When there are 
four organs in a whorl, one will be superior, one inferior', and 
two lateral, as in the calyx of Cruciferous plants {fig. 24, c). If 
there are five we have two arrangements. Thus, in the calyx 
of the order Leguminosx, two sepals are superior, two lateral , 
and one inferior ; while in the corolla one petal is superior, 
two inferior, and two lateral (figs. 447 and 472). In plants 
of the Rose order {Rosacea), we have a precisely reverse posi- 
tion exhibited by the parts of the two floral envelopes ; thus, 
here we have two sepals inferior, two lateral, and one superior ; 
while in the corolla there are two petals superior , two lateral, 
and one inferior {fig. 471). 

The same definite relation with respect to the axis also holds 
good in many cases in the staminal and carpellary whorls, by 
which important distinctive characters are frequently obtained, 
as will be seen afterwards when treating of Systematic Botany. 


Section 3. The Floral Envelopes. 

1. the calyx. 

We have already stated that the calyx is the outermost en- 
velope of the flower, and that it is composed of one or more 
leafy organs called sepals. These sepals are usually green like 
true leaves, by which character, as well as by their position and 
more delicate texture, they may in most cases be distinguished 
from the petals. There are numerous instances, however, es- 
pecially when the number of petals is much increased, in 
which there is a gradual transition from the sepals to the petals, 
so that it is difficult or almost impossible to say, in many cases, 
where the calyx ends and the corolla begins. The White Water- 
lily {fig. 448), affords a familiar* and good illustration of this. 
In some plants, again, the green colour disappears, and the calyx 
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becomes coloured with the same tints as the corolla, or with some 
other bright hues. In such cases it is said to be petaloid , and 
the chief distinctive character between it and the corolla is then 
afforded by its position on the outside of the latter organ. The 
Fuchsia, Indian Cress, Columbine, Larkspur, and Monkshood, 
may be mentioned as affording familiar examples of a petaloid 
calyx among Dicotyledonous plants. In the Monocotyledonous 
plants generally, as in the Lily, Trig, Tulip, Crocus, and Squill {fig. 
27), as we have mentioned (page 17), the two floral envelopes are 
usually coloured, although rarely green, and in other respects 
so closely resemble each other, that we then use the collective 
name of perianth to indicate the two whorls taken together. 
When there is but one whorl of floral envelopes, as in the Goose- 
foot {fig. 28), it is customary with some botanists to call this the 
calyx, whether it is coloured or green ; it is so termed in this 


Fig. 448. 



Fig. 448. Flower of the White Water lily (Nympfuva alba) reduced in siz rt . 
After Jussieu, c, c, c, r. The four sepals p,p,p,p. Petals, e. Stamens. 

The parts on the right show the gradual transition from the calyx, t, to 
the petals, p, and from these organs to the stamens, e. The stamens from 
1 to 5 are gradually more distinctive. 

volume. Other botanists, however, under such circumstances, 
call the whorl that is present a perianth. Those, again, who 
use the term perianth in this sense, also sometimes apply it, 
in all cases, to flowers whether of Monocotyledons or Dicotyle- 
dons, when the true floral envelopes are all coloured as in the 
Lily, or all green as in the Dock. 

In their structure, venation, and characters generally, the 
sepals resemble the true leaves, and are covered like them with 
epidermis ; this is also frequently furnished on the lower or 
outer surface with stomata, and also occasionally with hairs, 
glands, or other appendages. From the duration of the sepals 
being usually more transitory than that of true leaves, the 
veins which form their skeleton chiefly consist of spiral vessels, 
and are arranged like those of the leaves in the two classes 
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of plants respectively— that is, reticulated in Dicotyledons, and 
parallel in Monocotyledons. 

The sepals also exhibit various characters as regards their 
outline, margins, apex, &c., although they are by no means so 
liable to variations in these particulars as the blades of true 
leaves. The terms used in defining these various modifications 
are applied in the same sense as with the blades of leaves. 

Sepals are almost without exception destitute of a stalk, or, 
in other words, they are sessile upon the thalamus. They are 
also generally entire at their margins, although exceptions to this 
latter character occasionally occur : thus, m the Peeony and Rose 

Fig. 449. 



Fig. 4.V2. 



r«/ 440 Vertical section of the flow er of the 
Hose /, t Concave thalamus u]*on which 
are placed several carpels, <>, <>, each of which 
is furnished with a stjle and stigma, s e,e. 
Stamens ct Tube of the cal} x cr,rf Tree 
portions of the cah x divided at their margins. 

fig. 460 Ch1>x ot Ruvnx unuilvs, alter 

Jussieu le. Outer divisions ot the eal}\ 
which are entire <i Inner divisions with 
hooked teeth at thur maigins <7 Swelling 

on one of the innei divisions fig 451. 

Flowtrol Strawberry (ftoqaitu) with artgu- 
lar polysepalous calvx surrounded by a whorl 
ot leaf} organs, to w Inch the name ol epical} x 

or involueie is applied fia. 452. Flower of 

lUonksliood (Acorn turn A <1 pell vs), with an irre- 
gular polv Populous cal}X H c upper sepal is 
petaloid, and hooded, helmet -shaped, or galeate. 


(Jigs. 449 and 471, c/), the sepals are incised at their margins ; 
in many species of Dock they are toothed (Jig. 450, ct) ; in Cha- 
mselancium plumosum each sepal is divided into fixe deep lobes 
or partitions ; and in Passijima feetida the sepals are first pin- 
natisected, and then each segment pinnatifid. 

In their direction, the sepals are either erect or turned up- 
wards ; connivent or turned inwards ; diwrgfnt or patulous, when 
they spread outwards ; or rejtexed , when their extremities are 
turned downwards. 
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The sepals may be either distinct from each other, as in the 
Poppy, Buttercup, Wallflower, and Strawberry (fig. 451) ; or 
more or less united into one body (figs. 453-457), as in the 
Pimpernel, Campion, and Henbane. In the former case, the 
calyx is usually termed polysepalous or dialysepalous ; in the 
latter it is commonly called monosepalons. But this latter term 
is incorrect, as it indicates literally one sepal ; and hence many 
botanists use instead the more correct term of gamosepalons 
calyx, as this simply implies that the sepals are united. The 
terms polysepalous and monosepalous, however, from being in 
more general use, will be ordinarily employed in this volume. 

1. Polysepalous or Dialysepalous Calyx. — A polysepalous 
calyx may consist of two or more parts, the number being in- 
dicated by the prefix of' Greek numerals ; as disepalous for a 
calyx composed of two distinct sepals, trisepalous for one with 
three, tetrasepalous if it have four, pentasepalous if five, Jwxa- 
sepalous if six, heptane palous if seven, and so on. 

A polysepalous calyx is called regular if it consist of sepals of 
equal size and like shape or form arranged in a symmetrical man- 
ner, as in the species of Ranunculus (fig. 427), and Strawberry 
(fig. 451) ; and it is said to be irregular when these conditions 
are not complied with, as in the Monkshood (fig. 452). 


Fig. 453 . Fig. 454 . Fig. 455 . 



Fig. 453. Partite inferior calyx of the Pimpernel ( Avagallis ). Fig. 454. 

Cleft or fissured calyx of the Centaury (, Erythrcta ). Fig. 455. Dentate or 

toothed calyx of Campion {Lychnis). 

2. Monosepalous or Gamosepalous Calyx. — When the 
sepals are united so as to form a monosepalous calyx, various 
terms are used to indicate the different degrees of union. Thus, 
the union may only take place near the base, as in the Pimpernel 
(fig. 453), when the calyx is said to be partite ; or it may take 
place to about the middle, as in the Centaury (fig. 454), when it 
is cleft or fissured ; or the sepals may be united almost to the 
top, as in the Campion (fig. 455), when it is toothed ; or if the 
union is quite complete, it is entire. The number of partitions, 
fissures, or teeth, is indicated by the same prefixes as those 
previously referred to as being used in describing analogous 
divisions in the lamina of a leaf ; thus a monosepalous calyx 
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where the divisions are five, would be described as Jive-partite or 
quinque-partite, Jive-cleft or quinquejid , Jive-toothed or quinque- 
dentate, according to the depth of the divisions. In like man- 
ner the terms tripartite, trijid , or tndentate, would indicate that 
such a calyx was three-partite, three-cleft, or three-toothed , and so 
on. The number of divisions in the majority of cases corresponds 
to that of the component sepals of which the calyx is formed ; 
although exceptions to this rule sometimes occur, as for instance 
in those cases where the divisions are themselves divided into 
others. A little care in the examination will, however, gener- 
ally enable the observer to recognise the primary from the 
secondary divisions. When a monosepalous calyx is entire, the 
number of sepals can then be ascertained by the venation, as the 
principal veins from which the others diverge generally correspond 
to the midribs of the component sepals. In a monosepalous calyx 
in which the union exists in a marked degree, the part where the 
sepals are united is called the tube , the free portion the limb , and 
the orifice of the tube the throat or faux (Jigs. 455-457). 

Fin. 45G. Fig. 458. 



Fig. 457. 




Fig. 456. Urceolate c >ljx of Henbane ( Hyo<cya - 

thus) Fig 457 Bilabiate calyx of the 

Dead-nettle (Lammm) Fig. 458. Vertical 

section of the flower of the Mjrtle ( Myitut 
communis), cal Tube of the calyx adherent 
to the ovary, o. s Stamens. 


If the union between the sepals is unequal, or the parts are 
of different Bizes, or of irregular figures or forms, the calyx is said 
to be irregular (Jig. 457) ; if, on the contrary, the parts are alike 
in figure and form, of the same size, and united so as to form a 
symmetrical body, it is regular (Jig. 456). Some varieties of the 
irregular and also of the regular calyx have received special 
names. Thus in the Dead-nettle (Jig. 457), the irregular calyx 
is said to be labiate, bilabiate, or lipped, because the five sepals of 
which it is composed are united in such a manner as to form two 
lips. Of the regular forms of the monosepalous calyx a number 
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are distinguished under the names of tubular , bell-shaped or cam - 
panulate , urceolate (fig. 456), conical , globose , &c. The applica- 
tion of these terms will be shown when speaking of the corolla, 
in which similar forms occur, and in which they are usually more 
evident. 

The tube of a monosepalous calyx, or of that of a perianth (the 
parts of which, like the sepals, are frequently united to a varying 
extent), sometimes adheres more or less to the ovary, as in 
the Iris, Gooseberry, Currant, Myrtle (fig. 458, cal), in all the 
plants of the order Composite, and in those allied to it (figs. 
459-461), and in numerous other plants. When this takes place, 
the calyx is said to be adherent , or, because it appears to arise 
from the summit of the ovary, it is termed superior ; the ovary 
in such a case is then described as inferior. When the calyx is 
free, or quite distinct from the walls of the ovary, as in the 
Pimpernel (fig. 453), Wallflower, Poppy, and Buttercup, it is 
said to be free , non-adherent , or inferior ; and the ovary is then 

termed superior. 

Fig. 459. Fio. 4G0. Fig. 461. When the calyx or perianth 

is thus adherent to the ovary, 
its limb presents various mo- 
difications : thus in the Iris, 
Crocus, and Orchids, it is peta- 
loid ; in the Quince, foliaceous 
(fig. 468) ; in the Sunflower 
(fig. 461), and Chamomile, it 
is membranous ; in the Madder 
(fig. 459), it exists only in the 
form of a circular rim ; while 
in the Ox-eye. it is altogether 
absent (fig. 460). In the two 
latter cases the calyx is com- 
monly described as obsolete. In 
many plants of the order Com- 
posite and the allied orders 
Dipsacacee and Valerianacee, 
the limb of the calyx is only 
developed in the form of a 
circle or tuft of bristles, hairs, 
or feathery processes, to which 
the name of pappus is given, 
and the calyx under such circumstances is said to be pappose. 
The pappus is further described as feathery or plumose , and 
simple or pilose ; thus it is feathery, as in the Valerian (fig. 462), 
when each of its divisions is covered on the sides by little hair- 
like projections arranged like the barbs of a feather ; and pilose , 
when the divisions have no marked projections from their 
sides, as in the Dandelion and Scabious (fig. 463). The pappus 
is also described as sessile when it arises immediately from the 



Fig. 450 Cal>x of the Madder, ( Rubta ), ad- 
herent to the ovary, w ith its limb reduced 

to a mere rim Fig 460. One ol the 

tubulai florets of the Ox-eye (< hn/unithe- 
murn). The calyx in compietolj united to 
the ovary and piesents no appeal mice ol 

a limb. Fig. 461. One of the florets of 

the Sunflower ( HeharUhus >. The limb of 
the adherent calyx is membranous. 
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tube of the adherent calyx, and thus apparently from the top 
of the ovary, or fruit, as in the Valerian (Jig. 462) ; and stalked 
or stipitate , if it 
is raised above the 
ovary , or fruit, on 
a stalk, as in the 
Dandelion and 
Scabious (Jig. 463). 

Appendages 
of the Calyx. — 

The calyx, whe- 
ther monosepalous 
or polysepalous, is 
subject to various 
other iregulanties 
besides those al- 
ready alluded to, 
which arise from 
the expansion of 
one or more of its 
sepals into appen- 
dages of different 
kinds. Thus in the Monkshood (Jig. 452), the superior sepal is 
]>rolonged upwards into a sort of hood or helmet-shaped process, 
in which case it is said to be hooded , helmet -shaped , or galeate. 
Tn the Wallflower (Jig. 24, c), and other plants of the Cruciferaj, 
the two lateral sepals are expanded on one s de at the base into 
little sacs, when they are termed gibbous or saccate. If the calyx 
has one or more tubular prolongations downwards it is said to 
be calcar ate or spurred Only one spur may be present, as in 
the Indian Cress (Jig. 464, c), where the spur is formed by three 
sepals ; or in the Larkspur, where it is formed by one ; or each 

Fig. 4f>4 Fig. 465. 


Fuj 4G1 riowerof 
the Indian Crev> 
( Tfoimeolum ) c 
Spurred rah \ 

Fiq. 463 Oa- 

lyv of flibiicui 
surrounded bv 
an epical>\ or 
involucre 



Fig. 462. Fig. 465. 



Fe/. 46 ‘2 Fi uit of Valerian surmounted bv a feathery ^e-silo 

pappus Fxq 46 J Fruit ot Scabious surmounted by a 

stalked pilose pappus 


cf the sepals may be spurred. In the Pelargonium, the spur 
instead of being free from the pedicel, as in the above instances, 
is united to it. 

On the outside of the calyx of some flowers, as in those of 
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many plants of the Mallow {fig, 465), Pink {fig. 469, 5), and 
Rose orders {fig. 451), there is placed a whorl of leaf-like organs 
which is considered by some botanists as an outer calyx, and to 
which the name of epical]) x or caly cuius has been accordingly 
given; but this outer whorl is evidently of the same nature as 
the involucre already noticed (see page 187), and has been so 
described by us. 

Duration of the Calyx. — The duration of the calyx varies 
in different flowers. Thus it is caducous or fugacious , when it 
falls off as the flower expands, as in the Poppy {fig. 4GG). In 
the Eschscholtzia the calyx, which is caducous, separates from the 
hollow thalamus to which it is articulated, in the form of a 
funnel, or the extinguisher of a candle. A somewhat similar 
separation of the calyx occurs in the Eucalyptus , except that 
here the part which is left behind after the separation of the 
upper portion, evidently belongs to the calyx, instead of to the 


Fig. 460. Fig. 467. Fig. 463. 



Ftg. 466. Flower of Poppy, showing a caducous caljx Fig. 467 Accres- 
cent calyx of the Winter Cherry (Phymhs Alkekmqi) Fig 468 Ver- 

tical section of the Fruit oi the Quince ( Cydoma vulgaris), showing the 
tube of the calyx adherent to the matured carpels, and forming a part of 
the pericarp ; the free portion, or limb, being foliaceous. 

thalamus as in the former instance. Such a calyx is said to be 
calyptrate or operculate. When the calyx falls off about the 
same time as the corolla, as in the Crowfoot or Buttercup, it is 
then called deciduous. In other cases the calyx remains after 
the flowering is over, as in the Henbane {fig. 456), and Mallow ; 
when it is described as persistent. When the calyx is adherent 
or superior it is necessarily persistent , and forms a part of the 
fruit, as in the Quince {fig. 468), Apple, Pear, Gooseberry, 
Melon, and Cucumber. When it is persistent and assumes a 
shrivelled or withered appearance, as in the species of Cam- 
panula, it is marcescent ; or, if it is persistent, and continues to 
grow after the flowering, so as to form a bladdery expansion round 
the fruit, as in the Winter Cherry, and other species of Physalis 
(fig. 467), it is termed accrescent. 
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2. THE COROLLA. 

The corolla is the inner envelope of the flower. It consists 
of one or more whorls of leafy organs, called petals. In a com- 
plete flower (Jig. 24, p), it is situated between the calyx and 
androecium, and is generally to be distinguished from the former, 
as we have already seen, by its coloured nature and more deli- 
cate structure. When there is but one whorl of floral envelopes, 
as we have also before noticed, this is to be considered as the calyx, 
and the flower is then termed apetaloid or monochlamy deems. The 
corolla is usually the most showy and conspicuous part of the 
flower, and what in common language is termed thejlou'er. In 
some rare cases, however, it is green like the calyx, as in certain 
Cobmas and some Asclepiadaceous plants. The corolla is also, in 
the majority of flowers which possess odoriferous properties, the 
seat of those odours. Sometimes, as we have seen, there is a 
gradual transition from the sepals to the petals, as in the White 
Water-lily (Jig. 448) ; and in the same plant there is also a 
similar transition from the petals to the stamens. 

In structure the petals resemble sepals and leaves, being 
composed of parenchyma, supported by veins which are chiefly 
formed of spiral vessels. These veins are usually reticulated. 
The whole petal is invested by epidermis, which is com- 
monly destitute of stomata, but these organs may be some- 
times found on the lower surface. The corolla is generally 
smooth, although hairs occasionally occur, as in the Bombax ; 
when they exist they are usually coloured, as in the Buckbean, 
and on the inner whorl of the perianth of the Iris, which corre- 
sponds in position to the corolla. Petals are frequently nar- 
rowed below into a stalk-like portion, which is analogous to the 
petiole of a leaf, as in the Wallflower and Pink (Jig. 470) ; the 
narrow portion is then termed the unguis or claw , o, and the 
expanded portion the limb, l, and the petal is said to be nn- 
guiculate or clawed. In this particular petals must be considered 
to resemble leaves more than the sepals do, as the latter organs 
are almost without exception sessile , or destitute of claws. 

The outline of petals, like those of sepals and leaves, is subject 
to great variation. Thus, they may be linear, oblong, lanceolate, 
elliptic, orate, cordate, &c. The application of these terms having 
been already fully explained when speaking of leaves, need not 
be further alluded to. The condition of their margins also, the 
mode in which they are divided, and their terminations, are 
also indicated by the same terms as those previously described 
under similar heads in our chapter on Leaves. Thus the petals 
may be dentate, serrate ; cleft, partite, sected ; acute, emarginate , 
&c. The petals are not however liable to any further division 
than that of the original one ; thus, although sometimes pin - 
natijid , or pinnatipartite, <fec., they are never bipinnatijid, or 
bipinnatipartite . One term is occasionally used in describing 
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the condition of the margins which has not been alluded to 
when speaking of leaves ; thus the petals are said to b e fimbriated 
or frmged y as in some species of Dianthus (Jigs. 469 and 470, l ), 
when they present long thread-like processes at their margins. 

Again, the petals may be either flat, as is usually the case, 
or concave , tubular , boat-shaped, &c. These terms sufficiently ex- 
plain their meaning ; but a few anomalous forms of petals will be 
described hereafter (page 230). In texture the petals are com- 
monly soft and delicate, but they sometimes differ widely from 
this, and become thick and fleshy, as in the Stapelia ; or dry and 
membranous, as in Heaths ; or stiff and hard, as in Xylopia. 



Fiq. 469. The flower of a species of Pink (Dianthus). b BractR, forming an 

epicalyx or involucre c. Calvx p,p. Petals, r. Stamens. F%q. 470 

One of the oetals of the same flower o. Claw or unguis. 1. Limb, which 
is fringed at the margins. 


In describing their direction, we use the terms erect , conniveut, 
divergent , patulous , or rejlexed , in the same sense as already de- 
scribed when speaking of similar conditions of the sepals (page 

217). 

The petals like the sepals may be either distinct, or more or 
less united into une body. In the former case, the corolla is 
said to be polypetalous or dialypetalovs (Jigs. 469-472) ; in the 
latter monopetabus or gamopetalous (Jigs. 473-490). The same 
objection applies to the use of the term monopetalous as to 
that of monosepalous already mentioned (page 217), but we shall 
continue to employ it from its being the one more commonly 
in use. We shall describe the different kinds of corolla under 
these two heads. 

1. Polypetalous or Dialypetalous Corolla.— The number 
of petals which enter into the composition of the corolla is indi- 
cated, as in the case of the polysepalous calyx, by the prefix of 
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the Greek numerals. Thus a corolla of two petals is said to be 
dipetabus ; of three, tripetalous ; of four, tetrapetalous ; of five, 
pentapetabus ; of six, hexapetalous ; of seven, heptapetabus ; of 
eight, octapetalous ; and so on. 

When the petals are all of the same size, figure, and form, 
and arranged in a symmetrical manner, the corolla is termed regu- 
lar, as in Rosaceous flowers (figs. 451 and 471) ; but when the 
petals vary in these particulars, as in the Pea and allied plants 
(figs. 447 and 472), it is said to be irregular. Some varieties of 
poiypetalous corollas have received special names which we will 
now proceed to describe under the two divisions of regular and 
irregular. 

Fig. 471 . Fig. 472 . 



Fiq. 471. Flower of the Rose. b. Bract, ct . Tube of the calyx. cf,rf, cf.tf \ 

if. Divisions of the calyx. />,/>, ?>, J>. Petals. Fig. 472. The flower of 

the Sweet Pea ( Lathy r us odoratus). c. Calyx, v. \ exilluru. a. Alae or 
wings, car. Curina or keel. 


A. Begular Poiypetalous Corollas. —Of these we may mention 

three forms, viz. the cruciform or cruciate ; the caryophyllaceous ; 
and the rosaceous. . 

1. Cruciform or Cruciate.— This corolla gives the name to the 

natural order Cruciferae or Cabbage Order. It consists of four 
petals, usually with claws, as in the Wallflower (fig. 24, p), and 
Stock; but sometimes without claws, as in the Celandine, and the 
whole arranged in the form of a cross. . 

2. Caryophyllaceous. — This consists of five petals, with long 
claws enclosed in the tube of the calyx, and with their limbs 
commonly placed at right angles to the claws, as m the Campion, 
Single Pink (figs. 409 and 470), Carnation, and Catchfly. 

3. Rosaceous.— This is composed of five petals, without, or with 

very short claws, and spreading in a regular manner, as m the 
Strawberry (fig. 451), and Single Rose (fig> 471). ' 

B. Irregular Poiypetalous Ccrrollas.- There are many anoma- 
lous forms of irregular poiypetalous corollas to which no particu- 
lar names are applied. There is one form, however, which is of 
much importance, namely, 

Q 
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The Papilionaceous . — This derives its name from the fancied 
resemblance which it bears to a butterfly. It is composed of 
five petals (Jig. 447), one of which is superior or posterior, and 
commonly larger than the others, and termed the vex ilium or 
standard (Jig. 472, v) ; two inferior or anterior, which are usually 
more or less united and form a somewhat boat-shaped cavity, 
car, called the keel or carina ; and two lateral, a, called the 
wings or alae. 

2. Monopetalous or Gamopetalous Corolla. — When the 
petals unite so as to form a monopetalous corolla, various terms 
are used as in the case of the monosepalous calyx to indicate the 
degrees of adhesion ; thus the corolla may be partite , cleft , toothed , 
or entire , the terms being employed in the same sense as with 
the calyx (see page 218). The part also where union has taken 
place is in like manner called the tube, t, the free portion, the 
limb, l , and the orifice of the tube, the throat or faux (Jig. 473). 


Fig. 473. 



Fig. 474. 


Fig. 47b. 



Fig. 473. Flower of Spigelio marylandica. 
c. Calyx, t. Tubular corolla. 1. Limb of 
the corolla. *. Summit of the style and 
stigmas. Fig. 474. Flower of the Hare- 

bell ( Campanula rotundifoha), showing a 

campanulate corolla. Fig. 475. Flower 

of the Tobacco Plant ( Nicotiana Tabor um), 
with infundibuliform corolla. 



The monopetalous corolla, like the monosepalous calyx, is 
regular when its parts are of the same size, figure, and form, and 
united so as to form a symmetrical body (Jigs. 473-478) ; or if 
these conditions are not complied with it is irregular (Jigs. 
479-490). Some varieties of both regular and irregular mono- 
petalous corollas have received special names, as follows : — 

A. Regular Monopetalous Corollas. — Of these we may describe 
the following : — 

1. Tubnlcur (Jig. 473), where the form is nearly cylindrical 
"throughout, as in the central florets of many Composite, as 
Ragwort ( Senecio), Sunflower (Helicmthus) (jig. 461), and Mil- 
foil (Achillsea). 

2. Ccmpanulate or bell-shaped , when the corolla is rounded at 



REGULAR AND IRREGULAR MONOPET ALOUS COROLLAS. 22? t 

the base, and gradually enlarged upwards to the summit, so as 
to resemble a bell in form, as in the Harebell (fig. 474). 

3. Infundibuliform or funnel-shaped , where the form of the 

corolla is that of an inverted cone, like a funnel, as in the 
Tobacco (fig. 475). ’ 

4. Hypocrateriform or salver-shaped (fig. 476), when the tube 
is long and narrow, and the limb placed at right angles to it, as 
in the Primrose. 

5. Rotate or wheel-shaped , when the tube is short, and the 
limb at right angles to it, as in Forget-me-not (fig. 474) and 
Bittersweet (Solarium Dulcamara). 

6. Urceolate or urn-shaped , when the corolla is swollen in 
the middle, and contracted at both the base and apex, as in the. 
Purple Heath (fig. 478), and Bilberry ( Vaccinium Myrtillus). 


Fig. 47G 



Fig. 476. Flower of a species of Primula, c. Calyx, within which is seen a 

hypocrateriform corolla, p. t. Tube of the corolla. 1. Limb. Fig. 477. 

Flower of the Forget-me-not ( My o sot is palustru ). p. Rotate corolla. 
r. Scales projecting from its limb. 

B. Irregular Monopetalous Corollas. — Of these we shall de- 
scribe the following : — 

1. Labiate , bilabiate , or lipped. — When the parts of a corolla 
are so united that the limb is divided into two portions which are 
placed superiorly and inferiorly, the upper portion overhang- 
ing the lower, and each portion so arranged as not to close the 
orifice of the tube, so that the whole resembles in some degree 
the lips and open mouth of an animal (figs. 479-482), the corolla 
is termed labiate , bilabiate , or lipped. The upper lip is composed 
of two petals, which are either completely united, as in the 
White Dead nettle (fig. 479), or more or less divided, as in the 
Rosemary (fig. 481) and Germander (fig. 480) ; and the lower 
lip of three petals, which are also, either entire as in the Rose- 
mary (fig. 481), or bifid, as in some species of Lamium t or trifid, 
as in Galeobdolon (fig. 482). When a labiate corolla has its 
upper lip much arched, as in the White Dead-nettle (fig. 479), 
it is frequently termed ringent or gaping. The labiate corolla 
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gives the name to the natural order Labiatse, in the plants 
belonging to which it is of almost universal occurrence. It is 
found also in certain plants belonging to some other orders. 

2. Personate or masked. — This form of corolla resembles the 
labiate in being divided into two lips, but it is distinguished by 


Fig. 478 . 


Fig. 479 . 


Fig. 480 . 


t 





Fig. 478. Flower of a species of Heath (Erica), c. Calyx, within which is 

an urceolate corolla, t, l. Fig. 479. Ringent or gaping corolla o'* Dead- 

nettle (Lnmium album), showing the entire upper lip. Fig. 480. Back 

view of the flower of a species of Teucrium, showing the bifid upper lip of the 
corolla. 

the lower lip being approximated to the upper, so as to close 
the orifice of the tube or throat. This closing of the throat is 
caused by a projection of the lower lip called the palate {fig. 
483, /). Examples occur in the Snapdragon {fig. 483), and Toad- 
flax {fig. 484). In the species of Calceolaria the two lips become 
hollowed out in the form of a slipper, hence such a corolla, which 



Fig. 481. Flower of Rosemary ( Rotmarinus ) with upper lip divided. Fig. 

482. Front view of the labiate corolla of (Jaleobdolon , with trifid lower lip. 

is but a slight modification of the personate, is sometimes termed 
Calceolate . 

3. Ligulate or strap-shaped. — If what would otherwise be a 
tubular corolla is partly split open on one side, so as to become 
flattened like a strap above ( figs. 485 and 486), it is called ligulate 
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or strap-shaped. This kind of corolla frequently occurs in the 
florets of the Composite, either in the whole of those constitu- 
ting the capitulum, as in the Dandelion (Leontodon) ; or only in 


Fig. 483. 


Fig. 484. 


Fig. 485. 



Fig. 483. Personate corolla of Snapdragon ( Antirrhinum ). 1. Lower lip. 

u. Upper lip. b. Gibbous base. Fig. 484. Personate corolla of the 

Toadflax ( Linaria ) spurred at its base. Fig. 485. Ligulate corolla of a 

composite flower, with five teeth at its apex. Fig. 486. Ligulate corolla 

of Ox-eye (Chrysanthemum). Fig. 487. Din i tali form or glove-shaped 

corolla of Foxglove (Dujttalis }u?j)urea).-~—Fig. 488. Irregular rotate 
corolla of Speedwell (Veronica). 


some of them, as in the outer florets of the Ox-eye (fig. 486). 
The apex of a ligulate corolla has frequently five teeth indica- 
ting its component petals (fig. 485). 
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Besides the above described forms of regular and irregular 
monopetalous corollas, others also occur, some of which are but 
slight modifications of these, and arise from irregularities that are 
produced in certain parts in the progress of their development. 
Thus in the Foxglove (fig. 487), the general appearance of the 
corolla is somewhat bell-shaped, but it is longer than this form, 
and slightly irregular, and as it has been supposed to resemble 
the finger of a glove, it has received the name of digitaliform 
or glove-shaped. In the Speedwell (fig. 488), the corolla is nearly 
rotate, but the divisions are of unequal size, hence it may be 
described as irregularly rotate ; and in the Red Valerian the 
corolla is irregularly salver-shaped (fig. 490). 

Appendages of the Corolla. — The corolla, like the calyx, 
whether polypetalous or monopetalous, is subject to various irre- 


Fig. 4R9. Flower of a species 
of Valerian ( Valeriana), c. 
Calyx, adherent to the 
ovary. /. Limb of the calyx 
rolled inwards. The corolla 
has a projection towards its 
base, »nd is hence said to 

be gibbous. Fig. 490. 

Flower of Red Valerian 
( Cent ranthus ). The corolla 
is irregularly salver-shaped 
and spurred at its base. 



gularities, arising from the expansion or growing outwards of 
one or more of the petals, or of parts of the corolla, into processes 
of different kinds. Thus in the Snapdragon (fig. 483, b) and 
Valerian (fig. 489), the lower part of the tube of the corolla 
becomes dilated on one side, so as to form a little bag or sac ; it is 
-then termed saccate or gibbous , this term being used in the same 
sense as previously described (see page 221), when speaking of 
the calyx. At other times, one or more of the petals, or the 
tube of a monopetalous corolla, becomes prolonged downwards 
and forms a sp'ur, in which case the petal or corolla is described 
as vpwrred or calcarate. Examples of spurred petals or corollas 
may be seen in the Heartsease. Columbine (fig. 492), Toadflax 
(fig. 484), and Red Valerian (fig. 490). Only one spur may be 
present, as in the Heartsease, or each of the petals may be 
spurred, as in the Columbine ( fig. 492). The Yellow Toadflax, 
which usually only produces one spur, in rare instances is found 
with five. Such a variety was termed by Linnaeus Peloria, a 
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name which is now applied by botanists to all flowers which 
exhibit this departure from their ordinary growth. In the 
Monkshood (Jig. 491), the two petals which are situated under 
the helmet-shaped sepals already noticed (Jig. 452), are each 

Fig. 491 . Fig. 492 . 



Fig. 491. A portion of the flower of the Monkshood ( Aconitum ), with nu- 
merous stamens below, and two stalked horn-shaped petals alx>ve. Fin. 

49*2. Flower of Columbine ( Aqutlegia vulgaris) with oach of its petals 
spurred. 


shaped somewhat like a curved horn placed on a long channelled 
stalk. 

The corolla is usually composed of but one whorl of petals, 
and it is then termed simple ; but in some flowers there are two 

Fig. 493 . Fig. 494 . Fig. 495 . 





Fig. 493. Petal of Crowfoot with a nectariferous scale at its base. Fig. 

494. One of the petals of Mignonette {Reseda). Fig. 495. A petal of the 

Grass of Parnassus ( Ramassia palustris) bearing a fringed scale at its base. 


or more whorls, as in the White Water-lily (Jig. 448), in which 
case it is called multiple. When the corolla is composed of but 
one w r horl, its parts in a regular arrangement alternate with the 
sepals, although cases sometimes occur in which they are opposite 
to them. The cause of these different arrangements will be 
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explained hereafter, under the head of the General Morphology" 
and Symmetry of the Flower. 

On the inner surface of the petals of many flowers we may 
frequently observe appendages of different kinds in the form of 
scales or hair-like processes of various natures. These are com- 
monly situated at the junction of the claw and limb {fig. 496, a ) ; 
or at the base of the petals {figs. 493 and 495). Such appendages 
may be seen in the Mignonette {fig. 494), Crowfoot { fig. 493), 
Lychnis {fig. 496, a), and Grass of Parnassus {fig. 495). Similar 
scales may be also frequently noticed in monopetalous corollas 


t, Fig. 496. Fig. 497. 



Fig. 496. A petal of a species of Lychnis, o. Claw. 1. Limb. a. Scaly ap- 
pendages. Fig. 497. Flower of Daffodil ( Narcissus Pseudo-narcissus). 

The cup or bell-shaped part towards the centre is termed a corona. 

near the throat, as in many Boraginaceous plants, for instance, 
the Comfrey, Borage, Forget-me-not {fig. 477, r) ; and also in the 
Dodder, and many other plants. Sometimes these scales become 
more or less coherent and form a cup-shaped process, as in the 
Daffodil {fig. 497) ; to this the term corona is commonly applied, 
and the corolla is then said to be crowned. By many botanists, 
however, this latter term is applied whenever the scales or ap- 
pendages are arranged in the form of a ling on the inside of the 
corolla, whether united or distinct. The beautiful fringes on 
the corolla of the Passion-flower are of a similar nature. 

The origin of these scales is by no means clearly ascertained ; 
by some botanists they are supposed to be derived from the 
petals, by others to be abortive stamens ; but they are now 
more commonly regarded as ligules (see page 175) developed 
on the petals. Formerly many of these appendages were de- 
scribed under the name of nectaries, although but few of them 
possess the power of secreting the honey-like matter or nectar 
from which they derived their names ; they were therefore im- 
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properly so termed. The nature of the so-called nectaries has 
been already described under the head of Glands (see page 67). 

Duration of the Corolla. — The duration of the corolla varies 
like that of the calyx, but it is almost always more fugitive than 
it. It is caducous if it falls as the flower opens, as in the Grape- 
vine ; commonly it is deciduous , or falls off soon after the 
opening of the flower. In rare instances it persistent, in which 
case it usually becomes dry and shrivelled, as in Heaths and the 
species of Campanula (fig. 432), when it is said to be marcescent. 


Section 4, The Essential Organs of Reproduction. 

The essential organs of reproduction are the andrcecium and 
gynoecium, and these together form the two inner whorls of the 
flower. They are called the essential organs 
because the action of both is necessary for 
the production of perfect seed. 

Flowers which possess both these organs 
are called hermaphrodite or bisexual (fig. 513) ; 
when only one is present, they are unisexual 
or diclinous , as in the species of Carex (fig. 

498), and Salix (figs. 410 and 411). The flower 
is also then further described as staminate or 
staminiferous (figs. 410 and 498) when it con- 
tains only a stamen or stamens ; and carpel- 
lary, pistillate, or pistilliferous, when it has 
only a carpel or carpels (fig. 411). When 
a flower possesses neither androecium nor 
gynoecium, as is sometimes the case with the 
outer florets of the capitula of the Com- 
posite, it is said to be neuter. When the 
flowers are unisexual both staminate and pis- 
tillate flowers may be borne upon the same 
plant, as in the Hazel, Oak, Cuckoo-pint (fig. 

398), and the species of Carex , m which case 498 Unisexual 

the plant is stated to be monoecious ; or upon g^li'otcwr^ The 
different plants of the same species, as in the filaments are long and 
Willows and Hemp, when the plant is said S" a ^u?ous e S 
to be dioecious. In some cases, as m many innate. 

Palms and in the Pellitory ( Parietaiia ), sta- 
minate, pistillate, and hermaphrodite flowers are situated upon 
the same individual, and then the plant is called polygamous. 

Like the sepals and petals, the stamens and carpels are con- 
sidered as homologous with leaves, but they generally present 
much less resemblance to these organs than the component parts 
of the floral envelopes. Their true nature is shown, however, 
by their occasional conversion into leaves, and by other circum- 
stances which will be described hereafter when treating of the 
General Morphology of the Flower. 


Fig. 408. 
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1 . TEE A NDRCECIUM. 

The androecium, or male system of Flowering plants, is the 
whorl or whorls of organs which, in a complete flower, is situated 
between the corolla ( fig. 517) or perianth {fig. 27) on the outside, 
and the gynoecium on the inside ; or it is placed between the 
calyx ana gynoecium when the corolla is absent {fig. 28), as in 
monochlamydeous flowers ; or in achlamydeous flowers, it is 
either outside the gynoecium {fig. 29) when those flowers are 
bisexual, or it stands alone {fig. 33) when the flowers are uni- 
sexual and staminate. The organs of which it is composed are 
termed Stamens. Each stamen consists generally of a thread- 
like portion or stalk, called the filament {fig. 26, /), which is 
analogous to the petiole of the leaf ; and of a little bag or 
case, a, which is the representative of the blade, called the anther , 
and which contains a powdery, or more rarely waxy matter, 
termed the pollen, p. The only essential part of the stamen is 
the anther with its contained pollen ; when the pollen is absent, 
as the stamen cannot then perform its special 
functions, it is said to be abortive or sterile {fig. 

512, Is) ; in other cases it is termed fertile. It 
not unfrequently happens that flowers contain 
sterile filaments, that is, filaments without an- 
thers, in which case these structures are termed 
staminodes. These commonly preserve a flattened 
appearance, as in the flowers of the species of 
Canna. When the filament is absent (which is 
but rarely the case), as in the Cuckoo-pint {fig. 

499), the anther is described as sessile . 

1. The Filament. — In its structure the fila- 
ment consists, 1st, of a central usually un- 
branched bundle of spiral vessels terminating 
at the connective of the anther; and 2nd, of 
parenchymatous tissue which surrounds the bundle of spiral ves- 
sels, and which is itself covered by thin epidermal tissue. The 
epidermis occasionally presents stomata and hairs ; these hairs are 
sometimes coloured, as in the Spiderwort and Dark Mullein. 
The structure of the filament is thus seen to be strictly analo- 
gous to that of the petiole of a leaf, which presents a similar 
disposition of its component parts. 

The filament varies in form, length, colour, and other parti- 
culars ; a few of the more important modifications of which will 
be now alluded to. 

Form. — As its name implies, the filament is usually found in 
the form of a little thread like or cylindrical prolongation which 
generally tapers in an almost imperceptible manner from the 
base to the apex, when it is described as filiform , as in the Rose ; 
or if it is very slender, as in most Sedges and Grasses, it is capil- 
lary {figs. 498 and 500). In the latter case the filament, instead 


Fig. 499. 



Fig. 499. Stamen 
of the Cuckoo- 
pint (Anim mo- 
at la turn), consist- 
ing: simply of an 
anther which h 
senile upon the 
thalamus. 
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of supporting the anther in the erect position as it usually does , 
becomes bent, and the anther is then pendulous (figs, 498 and 
500). At other times the filament becomes enlarged , or it is 
flattened in various ways. Thus in some cases it is dilated 
gradually from below upwards like a club, when it is clavate or 
club-shaped , as in Thalictrum ; or it is slightly enlarged at the 
base, and tapers upwards to a point like an awl, as in the 
Flowering Rush (Bntomus umbellatns) ; in other cases it is 
flattened at the base, the rest of the filament assuming its 
ordinary rounded form, as in Tamarix gallica (fig. 501), and 
species of Campamda (fig. 502) ; or the whole of the filament 
is flattened, and then it frequently assumes the appearance of 
a petal, when it is described as petaloid , as in the Water-lily 
(figs. 448, e, and 517), and in Canna and allied plants. 


Fig. 500. 


Fig. 501, Fig. 502. Fig. 5C3 



Fig. 500. A locusta of Wheat (Triticum) consisting of peveral flowers, the 
stamens of which have very long capillary filaments, and versatile pendu- 
lous anthers. The anthers are bifurcated at each extremity, and resemble 

somewhat the letter x in form. Fig. 501. Three of the stamens of the 

Taman x gallica. with their filaments flattened at the base and united with 

each other. Fig. 502. Pistil of a species of Campanula, with a solitary 

stamen arising from the summit of the ovary. The filament is flattened. 
Fig, 503. Dilated toothed filament of a species of Allium, 


Sometimes the filament is toothed as in Allium (fig. 503), or 
forked as in Crambe (fig. 504) ; or furnished with various ap- 
pendages as in the Borage (fig. 505, a), in which case it is said 
to be appendiculate. 

Lengthy Colour , and Direction. — The length of the filament 
vanes much. Thus in the Borage (fig. 505, /), and plants gene- 
rally of the order Boraginacese (fig. 506) the filaments are very 
short ; in the Primrose, and commonly in the PrimulacesB, a 
similar condition also occurs. In the Fuchsia, Lily, Grasses 
(fig. 500), &c., the filaments are usually very long. 

In colour the filaments are generally white, but at other tunes 
they assume vivid tints like the corolla ; thus, in the Spiderwort 
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they are blue, in various species of Ranunculus and of (Enothera 
yellow, in some Poppies black, in Fuchsia red, &c. 

In direction the filaments, and consequently the stamens, 
Are either erect , incurved , recurved , pendulous , &c. ; these terms 
being used in their ordinary acceptation. When the filaments are 
all turned towards one side of the flower, as in the Horsechest- 
nut and Amaryllis, they are said to be declinate. Generally 


Fig. 504. Fig. 505. 


Fig. 506. 



Fig. 504. Gynoecium and androecium of Ci'ambe. The longer 

p filaments are forked. Fig. 505. A stamen of the Borage 

(Bornyo officinalis). /.Filament, a. Curved appendage to 

the filament. 1. Anther. Fig. 506. Corolla of Myosotis 

(Boraginacese), laid open. There are five sfamens with very 
v) short filaments attached to the corolla and included within 

its tube. Fig. 507. Male flower of Euphoria, consisting of 

a solitary stamen, 6, without any floral envelopes surrounding it, hence 
it is said to be naked or achlamydeous. a. Articulation, indicating the 
point of union of the true filament and pedunclo, p. Fig. 508. Trans- 

verse section of a young anther of Neottia picta. From Schleiden. a. 
Connective, n, b. The two lobes of the anther, a. Vascular bundle of the 
connective, b. Epidermal layer or exothecium. c. Layer of fibrous cells 
which is commonly termed the endothecium, and which is the mesothe- 
cium of the anther in an earlier stage of development, d, d , d , d. The four 
loculi or cells of the anther. Each lote is seen to be divided into two 
loculi by a septum or partition. 


speaking, the direction is nearly the same from one end of the 
filament to the other, but in some cases the original direction is 
departed from in a remarkable manner, and the upper part of 
the filament forms an angle more or less obtuse with the lower, 
in which case it is termed geniculate , as in Mahemia. This 
appearance sometimes arises from the presence of an articulation 
at the point where the angle is produced, as in Euphorbia (jig. 
507, a). In such a case, or whenever an articulation exists on 
the apparent filament, this is not to be considered as a true 
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filament, but to consist in reality of a flower-stalk supporting 
a single stamen. The flower here, therefore, is reduced to 
a single stamen, all the parts except it being abortive. This 
is proved by the occasional production in some allied plants 
of one or more whorls of the floral envelopes at the point where 
the joint is situated. In the Pellitory (Parietaiia), the filament 
assumes a spiral direction. 

Duration. — The filament usually falls off from the thalamus 
after the influence of the pollen has been communicated to the 
carpel. In rare cases, as in the species of Campanula, the fila- 
ment is persistent, and remains attached to the ovary in a 
withered condition. 

2. The Anther. — Its Parts. — The different parts of which 
the anther is composed may be best seen by making a trans- 
verse section as shown in figure 508. Thus here we observe two 
parallel lobes , B, B, separated by a portion, a, a , called the con- 
nective , to which the filament is attached. Each lobe is divided 
into two cavities, d , d, d, d, by a septum which passes from the 
connective to the walls of the anther. The cavities thus formed 
in the lobes of the anther are called cells or loculi. All anthers 
in an early stage of development possess four loculi, and this 
is considered the normal state. When a fully-developed anther 
exhibits a similar structure, as in the Flowering Kush, it is 
four-celled or quadrilocular (figs. 509 and 532) ; or when, as is 
far more commonly the case, the partitions separating the two 
loculi of each anther-lobe become absorbed, it is two-celled or 
bilocular (fig. 531). In rare cases, the anther is unilocular or 
one-celled , as in the Mallow (fig. 530), Milkwort (fig. 510), and 
Lady’s Mantle (fig. 511) : this arises, either from the abortion of 
one lobe of the anther, and the absorption of the septum between 
the two cells of the lobe that is left ; or by the destruction of the 
partition wall of the two lobes as well as of the septa between the 
cells of each lobe. In some plants, again, as in many species of 
Salvia , the connective becomes elongated into a kind of stalk, 
each end of which bears an anther lobe (fig. 512), in which case 
there appear to be two unilocular or one-celled anthers. When this 
occurs one lobe only, If contains pollen, the other, Is, is sterile. 

That surface of the anther to which the connective is attached 
is called the back (fig. 508, a, a), and the opposite surface is the 
face. The latter always presents a more or less grooved ap- 
pearance (figs. 508 and 513, c), indicating the point of junction 
of the two lobes. Each lobe also commonly presents a more or 
less evident furrow (fig. 513, 6), indicating the point at which the 
mature anther will open to discharge the pollen ; this furrow is 
termed the suture. By these furrows the face of the anther may 
be generally distinguished from the back, which is commonly 
smooth (fig. 608, a) and has moreover the filament attached 
to it. The face is generally turned towards the gynoecium or 
centre of the flower, as in the Water-lily (fig. 517), Vine (fig. 
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513), and Tulip (fig. 518), in which case the anther is called 
introrae ; but in some instances, as in the Iris, and Meadow 
Saffron (fig. 514), the face is directed towards the petals or cir- 
cumference of the flower, when the anther is said to be extrorse. 

Fig. 509 . Fig. 510 . Fig. 512 . 



Fig. 509. Quadrilocular anther of the Flowering Hush (Bntomm umbellatus). 
a. Filament bearing an entire anther, b. Section of the anther with its 

four oells. Fig. 510. Androecium of Milkwort ( Polygala ), with eightone- 

celled anthers dehiscing at their apex. Fig. 611. One of the stamens of 

the Lady’s Mantle yAlchemilla). The anther is one-celled, and dehisces 

transversely. Fig. 512. Stamen of the Sage (Salvia), f. Filament, c. 

Connective bearing at one end a cell, If, containing pollen, when it is 
said to be fertile ; and at the other end a cell, Is, without pollen, in 
which case it is sterile. Fig. 513. The Essential Organs of Repro- 

duction of the Vine ( Vms viniftra ). a. Anther, c. Furrow in its face 
whioh is turned towards the pistil or gyncecium. b. Suture or line of de- 
hiscence. The anther is introrse. — —Fig. 514. The perianth cut open, 
showing the stamens of the Meadow Saffron ( Colchicum autumnale ) with 
their anthers turned towards the floral envelopes, and henoe termed ex- 
trorse. 

Its Development and Structure . — When first formed the an- 
ther consists of parenchymatous cells of about the same size and 
form; but ultimately each lobe presents two central masses of cells 
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which are sometimes termed parent or mother-cells, from being 
devoted to the formation of pollen (fig. 515, cm), and over which 
we have three distinct layers of cells. The inner one, cl, — that 
is the layer immediately enclosing each central mass, is called the 
endothecium ; it is formed of but a single row of delicate cells, 
which appear to contain nitrogenous matter, and supposed to be 
concerned in the nourishment of the pollen-cells in their early 
growth. This layer commonly disappears as the pollen becomes 
matured, but it is persistent in those anthers which have porous 
dehiscence. The layer, ci, immediately outside the endothecium, 
iB termed the mesothecium. It is a permanent layer, and con- 
sists of one or more rows of cells, some of which, except in the 


Fig. 516. 


Fig. 615. 




Fig. 516. Vertical section of 
a loculus or cell of a young 
anther of the Melon, ce. 
Epidermal layer constitut- 
ing the exothecium or outer 
covering of the anther, ci. 
The parenchymatous cells 
which ultimately form 
the mesothecium. cm. The 
central masses of cells, two 
of which are placed in each 
half or lobe of the anther, 
which contain pollen, and 
are termed parent or 
mother- cells. These cells are surrounded by a special layer of cells, cl, or 
endothecium. From Maout. Fig. 616. Horizontal section of a portion of the 
wall of an anther of Cobcea scandem at the time of dehiscence. It is com- 
posed of an external epidermal layer, ce, forming the exothecium, and an 
internal layer of fibrous cells, cf, which is commonly termed the endo- 
thecium, and which is the mesothecium of the immature anther. 


case of anthers opening by pores, contain spiral, articulated, 
or annularly arranged fibres. The third or external layer, ce, is 
of an epidermal nature, and is called the exothecium , and upon 
which stomata are frequently found. 

The anther in its mature form presents therefore, in nearly 
all cases, but two coats, as shown in figures 508 and 516, that is, 
an exothecium (fig. 516, ce), or outer coat ; and an endothecium, cf, 
or inner coat, which corresponds in structure to the mesothecium 
of the immature anther. The connective, as a general rule, has a 
similar structure to the filament. Each lobe of the anther, as 
already noticed, is divided at an early age into two cavities, by 
the septum (fig. 508), which extends from the connective to the 
suture. This septum, which forms the placentoid of Chatin, is 
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usually more or less destroyed when the pollen is matured, but 
generally traces of it may be seen in the form of cellular projec- 
tions from the connective, by which each cell of the anther is 
partly subdivided. To these processes the name of placentoids 
was given by M. Ohatin, under the impression that they assisted 
in the nourishment of the pollen. 

We have already shown that the floral envelopes are homo- 
logous with leaves, representing them as they do in all their 
essential characters (pages 216 and 223). We have now to ex- 
amine the stamen with the view of ascertaining whether its parts 
have in like manner any resemblance to those of the leaf. We 
have no difficulty in recognising the filament as the homologue 
of the petiole, as in its form, position, and structure it is essen- 
tially the same (page 234). The connective of the anther, again, 
is clearly analogous to the midrib of the blade, and hence we 
readily see that the two lobes of the anther correspond to the 
two halves of the lamina folded upon themselves ; in fact, if we 
take the blade of a leaf and fold it in the above manner, and then 
make a transverse section, it will present a great resemblance to 
the section of the anther already described (fig. 508). We may 
therefore conclude, that the anther corresponds generally to the 
lamina of the leaf, the connective to the midrib, the outer surface 
to the epidermis of its lower side, and the septa to the epidermis 
of the two halves of the upper surface of the lamina united and 
considerably thickened. The sutures or lines of dehiscence are 
commonly regarded as corresponding to the margins of the 
transformed leaf ; but according to Oliver, ( the sutures of the 
anther answer to the lines of junction of the outer and inner 
thickened portions of the lamina on either side of the midrib, 
and the septa as resulting, in part at least, from the inflected 
epidermis of the adjacent anther- cells.’ The pollen corresponds 
to the parenchyma situated between the epidermis of the upper 
and lower surfaces of the lamina of the leaf. 

Attachment of the Filament to the Anther. — The mode in which 
the anther is attached to the filament varies in different plants, 
but it is always constant in the same individual, and frequently 
throughout entire natural orders, and hence the characters 
afforded by such differences are important in practical botany. 
There are three modes of attachment which are distinguished by 
special names. Thus : 1st, the anther is said to be adnate or 
dorsifixed when its back is attached throughout its whole length 
to the filament, or to its continuation called the connective, r as 
in the Magnolia (fig. 521), and Water-lily (fig. 517) ; 2nd, it 
is innate or basifixed when the filament is only attached to 
its base, and firmly adherent, as in the species of Car ex (fig. 
498) ; and 3rd, it is versatile , when the filament is only at- 
tached by a point to about the middle of the back of the connec- 
tive, so that the anther swings upon it, as in Grasses generally (fig f 
500), and in the Lily, Evening Primrose, and Meadow Saffron. 
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Connective . — The relations of the anther to the filament, as 
well as its lobes to each other, are much influenced by the ap- 
pearance and size of the connective. Thus in all adnate anthers 
the connective is large, and the lobes generally more or less 


Fig. 517. 



Fig. 51 8* 



Fig. 517. A portion of the flower of the White Water-lily ( Nymptusa alba > 
consisting of a gynoccium invested by a large fleshy disk prolonged from 
the thalamus below it. The pUtil is surrounded by some stamens which 
have petaloid filaments and adnate introrse anthers ; and by two petals 

Fig. 518. Gynoecium and androecium of the Tulip. The stamens ei 

and ee have introrse anthers. 


Fig. 51 a. Fig. 520, Fig. 521. Fio. 522. 



Fig. 519. A male naked flower of a species of Euphorbia, showing 
the two lobes of the anther, and the almost total absence of the 

connective. Fig. 520. A stamen of the Lime ( Ttha ), showing 

the large connective separating the lobes of the anther.— - rig. 
621. An inside view of a stamen of Magnolia qlauca . showing the 
adnate anther and prolonged connective. Fig. 522. Two sta- 

mens of the Heartsease ( Viola tricolor). The connective of one at 
them is prolonged downwards in the form of a spur. — -~Fig. old. 
Sagittate anther lobes of the Oleander {Seri uni Oleander). lne 
connective is prolonged upwards in the form of a long feathery 
process. 


Fig. 523* 



parallel to each other throughout their whole length (fig. )• 
In other cases the connective is very small, or altogether want- 
ing, as in species of Euphorbia (fig. 519), so that the lobes o 
the anther are then immediately in contact at their base, in 
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the Lime the connective completely separates the two lobes of 
the anther (fig. 520). In the Sage (fig. 512) and other species 
of Salvia , the connective forms a long stalk-like body placed 
horizontally on the top of the filament, one end of which bears 
an anther lobe, If, containing pollen, the other merely a pe- 
taloid plate or abortive anther lobe, Is; it is then said to be dis- 
tractUe. Sometimes the connective is prolonged beyond the 
lobes of the anther ; either as a little rounded or tapering ex- 
pansion, as in the Magnolia (fig. 521), or as a long feathery 
process, as in the Oleander (fig. 523), or in various other ways. 
At other times again, it is prolonged downwards and backwards 
as a kind of spur, as in the Heartsease (fig. 522). Anthers with 
such appendages are termed appendicnlate. 

Forms of the Anther Lobes and Anther. — The lobes of the 
anther assume a variety of forms. Thus in Mercurialis annua 
(fig. 525) they are somewhat rounded ; very frequently thoy are 
more or less oval, as in the Almond and Lime (fig. 520) ; in 
the Acalypha they are linear (fig. 524) ; in the Gourd tribe 
(fig. 526) linear and sinuous ; in the Solanum (fig. 534) four- 
sided ; and at other times pointed, or prolonged in various ways. 
These and other forms which they assume, combined with those 
of the connective, determine that of the anther, which may be 
oval , oblong, Ac. ; or bifurcate or forked as in the Vaecinium 
uliginosum (fig. 528), or quadrifurcate (fig. 529) as in Gualthcria 


Fig. 524. Fig. 525. Fig. 52G. 



Fig. 524. A stamen of a species of Amlypha in a young state. /. Filament. 

1. Linear anther lobes. Fig. 525. A stamen of Mercurialis annua. /. 

Filament, c. Connective. 1,1. Hounded anther lobes dehiscing longitu- 
dinally. Fig. 526. The linear and sinuous anther lobes, l, attached 

to the filament, f. of the common Bryony ( Bryonia dioica). The above 
figures are from Jussieu. 

procumbens, or sagittate (fig. 523) as in the Oleander, or cordate- 
sagittate as in the common Wallflower (figs. 25 and 26). In the 
Grasses the anthers are bifurcate at each extremity (fig. 500), 
so as to resemble somewhat the letter x in form. 

The lobes of the anther also, like the connective, frequently 
present appendages of various kinds. Thus in the Erica cinerea 
they have a flattened leafy body at their base (fig. 527, a) ; at 
other times the surface of the anther presents projections in the 
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fotm of pointed bodies {fig. 528, a), as in Vaccinium uliginomm , 
or warts, &c. Such anthers, like those which present append- 
ages from the connective, are termed appendiculate. 

Colour of the Anther. — The anther when young is of a 
greenish hue, but when fully matured it is usually yellow. 
There are however many exceptions to this : thus it is dark 
purple or black in many Poppies, orange in Eschscholtzia , purple 
in the Tulip, red in the Peach, &c. 


Fig. 527 Fio. 528. Fig. 529. 



Fin 527. Appendiculate anther attached to filament,/, of the Fine-leave 1 
Heath (Erica cintreu). a. Appendage. /. Lobes, r. Lateral pore or short 

‘-lit where dehiscence takes place. Fiq 528. Bifu c ate anther o V«ea- 

nium uliqinosum attached to filament,/ l Anther lobes, a. Appendage-.. 

p. Points of the anther lobe> whore delm-conce tiiko^, place. Fia 529. 

Quadrit urcftte anther of Gualthtna piocmnh ni, attached to filament,/. 

1 An thei lobes. The above figures are from Jussieu. 

Dehiscence of th * Anther . — When the anthers are perfectly ripe 
they open and discharge the contained pollen {figs. 26 and 530) ; 
this act is called the dehiscence of the anther. Dehiscence com- 
monly takes place in the line of the sutures {fig. 513, b)> and at 
the period when the flower is fully expanded, and the pistil 
consequently sufficiently developed to receive the influence of 
the pollen ; at other times, however, the anthers burst before 
the flower opens and while the pistil is still in an imperfect 
state. All the anthers may open at the same period, or in suc- 
cession ; and in the latter case the dehiscence may either com- 
mence with the outer stamens, as is usually the case, or rarely, 
with the inner. 

Dehiscence is produced, partly by the development and 
growth of the pollen in the lobes of the anther pressing upon 
their coats and causing an absorption of their tissue ; and partly 
by the special action of the fibrous cells which form the lining 
of the anther {fig. 516, cf) ; and it takes place commonly at the 
sutures, because at these parts the endothecium is altogether 
wanting, and the exothecium is also usually very thin, so that 
they are the weakest points of the anther- walls. 
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The dehiscence of the anther may take place in four different 
ways, which are respectively called, 1. Latitudinal, 2. Trans- 
verse, 3. Porous , 4. Valvular. 

1. Longitudinal or Sutural. — This, the usual mode of dehis- 
cence, consists in the opening of each anther lobe from the base 
to the apex in a longitudinal direction along the line of suture, 
as in the Vine (Jig. 513, b), the Wallflower (Jig. 26), and Tulip 
(fig. 518). 

2. Transverse. — This kind of dehiscence mostly occurs in uni- 
locular anthers, as in those of Alchemilla (Jig. 511), Lenina, and 
Lavandula. It signifies that the splitting open of the anther 
occurs in a transverse or horizontal direction, i.e. from the con- 
nective to the side. It sometimes happens that by the enlarge- 
ment of the connective the loculus of a one-celled anther is placed 
horizontally instead of vertically, in which case the dehiscence 

Fig. 530 . Fig. 531 . Fig. 532 . Fig. 533 Fig. 534 . 



Fig. 530. Stamen of the Mallow (Afafoa), the anther of which has an appa- 
rently transverse dehiscence. Fig. 531. Anther of the Pyroln rotundi- 

fvlia , suspended from the filament,/. /. Loculi opening by two pores, p. 

Fig. 532. Quadrilooular anther of Poranttu'ra , attached to filament,/. 

1. Loculi opening by pores, p. Fig. 533. Anther of Tetralhrca juncea, 

opening by a single pore at the apex. These figures are from Jussieu. 

Fig. 534. Anther lobes of a species of Solatium opening by pores at the apex. 


when it takes place in the line of the suture would be apparently 
transverse, although really longitudinal. An example of this 
kind of dehiscence is afforded by the Mallow (Jig. 530), and 
other plants belonging to the natural order Malvaceae. In 
practical botany such anthers, like the former, are said to 
dehisce transversely. 

3. Porous or Apical . — This is a mere modification of longi- 
tudinal dehiscence. It is formed by the splitting down of the 
anther lobes being arrested at an early period so as only to pro- 
duce pores or short slits. In such anthers there is commonly 
no trace of the sutures to be seen externally. The pores or slits 
may be either situated at the apex, as in the species of Sola- 
mvm(Jig. 534) and Milkwort (Jig. 510) ; or laterally, as in the 
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Heaths (fig. 527, r). There may be either two pores, as is 
usually the case (Jig. 531, p), or four, as in Poranthera ( Jia 
532, p), or many, as in the Mistletoe, or only one, as in Tetratheca 
juncza (Jig. 533). 

4. Valvular or Opercular.— This name is applied when the 
whole or portions of the face of the anther open like trap-doors 
which are attached at the top and turn back as if on a hinge. In 
the Barberry (Jig. 535) there are but two such valves or iids ; 
while in plants belonging to the Laurel order there are two or 
four such lids (Jig. 536, v), according as the anthers have two 
or four cells. 

Fig. 536 . 


Fig. 535 . 




Fig. 535. Anther of 
Barberry ( Berberis 
vulgaris) opening 

by two valves. 

Fig. 536. Stamen of 
a species of Laurus. 
t. Filament, with 
two glands, g, g, at 
its base. 1,1. Lo- 
culi, of which there 
are tour. v. Valves. 


The Stamens generally, or the Andrcecium. — Before de- 
scribing the pollen which is contained within the anther, it will 
be better to take a general view of the stamens as regards their 
relations to each other, and to the other whorls of the flower. 
We shall consider this part of our subject under four heads, 
namely : — 1. Number, 2. Insertion or Position, 3. Union, 4. 
Relative length. 

1. Number. — The number of stamens is subject to great 
variation, and several terms are in common use to indicate such 
modifications. In the first place, certain names are applied to 
detine the number of the stamens when compared in this re- 
spect with the component parts of the floral envelopes. Thus 
when the stamens are equal in number to the sepals and petals, 
the flower is said to be isostemenous , as in the Primrose ; if they 
are unequal, as in the Valerian (Jig. 489), the flower is anisoste - 
menous. Or, when greater accuracy is required in the latter 
case, we say diplostemenous , if the stamens are double the 
number, as in Stonecrop ; meiostemenous, if less in number, as in 
the Lilac ; and polystemenous , if more than double, as in the 
Rose. 
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Secondly, the flower receives different names according to the 
actual number of stamens it contains, without reference to the 
number of parts in the outer whorls. This number is indicated 
by the Greek numerals prefixed to the word androus , which 
means male in reference to the function of the stamen. Thus, a 
flower having one stamen is monandrous, two diandrous , three 
triandrou8 1 four tetrandrous , and so on. We shall have to refer 
to these terms again when treating of the Linnaean system of 
classification, as many of the classes in that system are deter* 
mined by the number of stamens contained in the flower. 

2. Insertion or Position. — When the stamens are free from the 
calyx and pistil, and arise from the thalamus below the latter 
organ, as in the Poppy (Jig. 31) and Crowfoot (Jig. 537), they are 
said to be hypogynous , which signifies under the female or pistil ; 


Fig. 538. Fig. 539. 



Fig. 537. Apocarpous pistil of the Crowfoot ( Ranunculus with two stamens 

arising from the thalamus below it, or hypogynous. Fig. 538. Vertical 

section of a flower of the Primrose ( lYimula ), showing epipetalous stamens. 
The pistil in the centre has an ovary with a free central placenta, one style, 

and a capitate stigma, Fig. 539. Vertical section of the flower of the 

Cherry, showing the perigynous stamens surrounding the pistil. 


this is the normal position of the stamens. Wben the stamens 
are attached to the corolla, as in the Primrose (Jig. 538), they 
are epipetalous. When the stamens adhere to the calyx more or 
less, so that their position becomes somewhat lateral to the pis- 
til instead of below it, as in the Strawberry, Cherry (Jig. 539), 
and Apricot, they, as well as the corolla, are said to be perigy- 
nous. When the calyx is adherent to the ovary so that it 
appears to rise from its apex, the intermediate stamens and 
corolla are also necessarily placed on the summit, and are said to 
be epigynous, as in the species of Campanula (Jig. 540), Carrot, 
and Ivy. It sometimes happens that the stamens not only ad- 
here to the ovary or lower part of the pistil, as in the epigynous 
form of insertion, but the upper part of the stamen or stamenB 
and pistil become completely united also, and thus form a column 
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in the centre of the flower, as in the Orchis (fig. 541), and 
Birth wort (,/&/. 542) ; this column is then termed th egynostemium, 
and the flowers are said to be gynandrovs. 


Fio. 540. Fig. 541. Fig. 542. 



Fi< / 540. Vertical section of the flower of a species of Campanula , with epi- 

gynous stamen^ Fig 541. Flower of O/chi * musculo. The column in 

the centre is formed by the union of the stamens and style Ftg 54 2. 

The pistil and stamens ot Birthwort (Amiolochia). The ovary is seen 
below, and the stamens above united into a column with the style. 

3. Union or Cohesion . — When the stamens are perfectly free 
and separate from each other, as m the Y me (Jig. 513), they are 
said to be free or distinct ; when united, as m the Mallow (fig. 
544), they are coherent or connate. 

Fig. 543. Fig. 544. Fig. 545. Fig. 546. 



Fuj. 5 43. Syngenesious anthers of a species of Thistle ( Fi«-544. 
Monadelpfcous stamens of a species of Mallow (Halva). Fv ■ 
delphous stamens of Wood Sorrel (Oxalu), forming a tube round ^the pistil. 

Fig. 546. Male flower of Jatiopha Cnrcas. c. Calyx. pCmoto.* 

Stamens united by their filaments into a tube, a, which occupies the centr 
of the flower, as there is no pistil. 

When the stamens cohere, the union may take place either 
by their anthers, or by their filaments, or by both anthers and 
filaments. When the anthers unite, the stamens are termed 
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syngenetions or synantherous (Jig. 543). This union occurs in 
all the Composite, the Lobelia, and in some other plants. When 
the anthers thus unite the filaments are commonly, though not 
always, distinct. When union occurs between the stamens, 
however, it is more common to see the filaments united, and 
the anthers free. This union by the filaments may take place 
in one or more bundles, the number being indicated by ^ 
Greek numeral prefixed to the word adelplious , which signifies 
brotherhood. Thus, when all the filaments unite together and 
form one bundle, as in the Mallow (jig. 544), and Wood Sorrel 
(Jig. 545), the stamens are said to be monadelphous. When such 
a union takes place in a complete flower, the coherent filaments 
necessarily form a tube or ring round the pistil placed in their 
centre, as in the Wood Sorrel (Jig. 545) ; but when the pistil is 
absent, and the flower therefore incomplete, the united fila- 

Fig. 547 . Fig. 548 . 



Fig. 547. Diadelphous stamens of the Sweet Pea (Lathy rus), Burrounding the 

pistil. There are ten stamens, nine of which are united and one free. 

Fig. 548. Flower of the Orange divested of its corolla, to show the polyadel- 
phous stamens. 

ments form a more or less central column, as in Jatropha Curcas 
(Jig. 546, a). When the filaments unite so as to form two 
bundles, the stamens are termed diadelphous , as in the Pea (Jig. 
547), Milkwort (Jig. 510), and Fumitory ; in which case the 
number of filaments in each bundle may be equal as in the 
Milkwort and Fumitory, or unequal as in the Pea (Jig. 547), 
where there are ten stamens, the filaments of nine of them 
being united to form one bundle, while the other filament 
remains free. When the stamens are united by their filaments 
into three bundles, they are triadelplwus, as in most species of St. 
John’s Wort (Jig. 549) ; and when in more than three, poly- 
adelphous , as in the Castor Oil Plant and Orange (Jig. 548). 
The term polyadelphous is applied by many botanists, in all 
cases, where there are more than two bundles of stamens ; it 
was used in this latter sense by Linnaeus. 

The union of the filaments in the above cases may either 
take place more or less completely, and thus form a tube of vary- 
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ing heights, as in the Mallow (fig. 544) and Wood Sorrel (fig. 
5 45) ; or the union may only take place at the base, as in 
the Tamarix gallica (fig. 501). The bundle or bundles, again, 
may be either unbranched, as in the Mallow (fig. 544), or 
branched, as in the Milkwort (fig. 510) and Castor Oil Plant 
(fig. 550). When the union takes place so as to form a tube or 
column, the term androphore has been applied to such a column, 
as in the Mallow (fig. 544) and Wood Sorrel (fig. 545). 

4. Relative Length. — There are two separate subjects to be 
treated of here, namely, 1st, the relative length of the stamens 
with respect to the corolla ; and 2nd, their length with respect 
to each other. In the first place, when the stamens are shorter 



Fig. 549. The pistil, n, of a species of Hypericum, surrounded by the stamens, 

e,e, winch are united by their filaments, y,/, into three bundles. Fig. 

550. One of the branched bundles of stamens of the Castor Oil Plant (Ri- 

cinus communis). /. United filaments. Fig. 551. Flower of Valenan, 

showing the stamens prolonged beyond the tube of the corolla, or exserted. 
The corolla is gibbous at the base. 


than the tube of the corolla so as to be enclosed within it, as 
in the Forget-me-not (fig. 506), they are said to be included ; 
and when the stamens are longer than the tube of the corolla so 
as to extend beyond it, as in the Valerian (fig. 551), they are 
exserted or protrudimj. 

Secondly, the relative length of the stamens with respect to 
each other presents several peculiarities, some of which are impor- 
tant in Descriptive Botany. Thus, sometimes all the stamens of 
the flower are nearly of the same length ; while at other times they 
are very unequal. This inequality may be altogether irregular 
again, following no definite rule, or take place in a definite and 
regular manner ; thus, when the flowers are polystemenous, the 
stamens nearest the centre may be longer than those at the cir- 
cumference, as in Lnhea paniculata (fig. 552) ; or the reverse 
may be the case, as in many of the Itosacese. In the case of 
diplostemenous flowers, as with the Willow Herb (Epilobium), 
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the stamens alternating with the petals are almost always longer 
than those opposite to them. Wnen the stamens are of unequal 
length in the same flower, or in different flowers of the same 
species, as in the Primrose, they are said to be dimorphic , and 
will be afterwards alluded to in speaking of fertilisation. 

When there is a definite relation existing between the long and 
short stamens with respect to number, certain names are applied 
to indicate such forms of regularity. Thus in the Wallflower 
(Jk/s. 26 and 553), and Cruciferous plants generally, there are six 
stamens to the flower, of which four are long and arranged in 
pairs opposite to each other, and alternating with two solitary 


Fig. 552 . 


Fig. 553 . Fig. 554 . 



Fig. 552. One of the bnndles of stamens of Luhen paniculate^ the inner sta- 
mens on the right are longer than the others and are provided with 

anthers : the shorter stamens are generally sterile. Fig. 553. Tetra- 

dynamous stamens of the Wallflower ( Cheiranthuss Chein). Fig. 564. 

Didynamous stamens of the Foxglove (Digitalis purpurea). 


shorter ones ; to such an arrangement we apply the term tetra - 
dynamous. When there are but four stamens, of which two are 
long and two short, as in Labiate plants generally ( Jigs . 480 and 
482), and in the Foxglove (Jig. 554), and most other Scrophu- 
lariaceous plants, they are said to be didynamous. 

The Pollen. — We have already seen (page 240), that the 
pollen corresponds to the parenchyma situated between the epi- 
dermis of the upper and lower surfaces of the lamina of the leaf. 
It has also been stated, that the pollen was formed in certain cells 
developed originally in the centre of the parenchyma of the 
lobes of the young anther (Jig. 515, cm) ; also that these cells 
were enclosed in a special covering of their own, cl , and that 
in the course of growth they pressed upon the coats of the 
anther, so as to cause their more or less complete absorption, 
and finally assisted in promoting the dehiscence of the anther 
(page 243). We have now more particularly to describe the 
mode of formation and structure of pollen. 

Formation of Pollen. — The formation of pollen maybe de- 
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scribed as follows : — The large cells ( fig . 515, cm), which are 
developed in the parenchyma of the young anther, and which 
are destined for its formation, are called parent or mother cells, 
and are surrounded in the earlier stages of development by a 
single stratum of thin- walled cells forming an internal epithelial 
layer, cl, which however becomes subsequently pressed upon and 
absorbed. Usually these parent cells remain connected to one 
another, but in some instances, and more especially in Mono- 
cotyledonous plants, they become isolated and float free in a 
more or less viscid material occupying the cavity of the anther. 
As development proceeds the nucleus of each parent cell dis- 

Fig. 565 . Fig. 656 . Fig. 557 . 



Fig. 555. Formation of the polkn in the Hollyhock (Althaea rosea). After 
Mohl and Henfrey. a shows four nuclei in the parent cell, and four septa 
commencing to be formed. The primordial utricle and cell-contents arc 
contracted by the action of alcohol, b. The development of the septa more 
advanced, r. The primordial utricle removed from the parent cell, but 
not yet completely divided into four parts, d. The division of the parent 
cell into four parts completed, and each part containing one pollen-cell. 

Fig. 556. Pollen oi Jrnja anomala .■ Fig. 55 7. Pollen of Feriplcca 

graca. After Jussieu. Fig. 558. Mass of spherical pollen-cells from a 

species of Acacia. 


appears, and in its place four new nuclei are ultimately formed 
( fig. 555, a). Then follows an infolding of the primordial 
utricle, a, b, c, so as either to divide the parent cell at once 
into four parts ; or indirectly, by first dividing it into two, and 
subsequently, each of these being again divided into two others. 
The four cells thus formed become surrounded by a cellulose 
membrane which is in direct connection with the cellulose coat 
of the parent cell ; these cells constitute what are known as the 
4 special mother-cells. * Finally, each protoplasmic mass of the 
special mother-cells separates from the cell-wall and secretes 
around itself a membrane, so that ultimately we have four 
perfect cells, d, which constitute the true pollen-cells, formed in. 
each parent cell. 
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As these pollen-cells progress in development, and increase in 
size, they distend the wall of the parent cell and ultimately cause 
its absorption ; and subsequently, by their continued growth, 
the walls of the special mother cells are generally absorbed also, 
by which the pollen-cells are set free in the cells of the anther. 
Sometimes the membrane of the special parent cells is not com- 
pletely absorbed, in which case the pollen-cells of the parent cell 
are more or less connected, and form a compound body consist- 
ing of four pollen-cells, as in Periploca grseca(Jig. 557) ; or if the 
membranes of two or more united parent cellB are also incom- 
pletely absorbed, we may have a mass consisting of eight pollen- 
cells, as in Inga anomala (Jig. 556) ; or of some multiple of four, 

Fig. 559. Fig. 5G0. Fig. 561. 




Fig. 559. Pollinia, p, of Orchis with their caudicles, c, and the retinacula, 

7 ‘,r, at the base. Fig. 560. Pistil of a species of Asclepias, with the pol- 
linia. p, adhering to the stigma, s. b. Pollen-masses separated. Fig. 

661. Upper part of the flower of an Orchis, showing the pollinia adhering 
to the stigma by the retinacula, a. 

as in many species of Acacia (Jig. 558). In the Onagracese, the 
pollen-cells are loosely connected by long viscid filaments or 
threads, which seem in this case to be wholly derived from a 
secretion left by the imperfect solution of the parent cells. Jn 
the Orchidacese, the pollen-cells cohere in a remarkable degree 
and form pollen-masses which are commonly of a waxy nature, 
to which the name of pollinia has been given (Jig. 559, p). In 
the Asclepiadacese somewhat similar masses occur (Jig. 560, p , 
and b ) ; in the latter, however, the whole surface of each pollen- 
mass is invested by a special cellular covering. By a careful 
examination of these pollinia we find that they are formed of 
compound masses agglutinated together, and when separated, 
each of these masses is found to consist of four pollen-cells. In 
the pollinia of the Orchidaceae we also find other peculiarities ; 
thus each is prolonged downwards in the form of a stalk called 
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the caudicle {fig. 559, c), which adheres commonly at the period 
of dehiscence to one or two little glandular masses called retina- 
cula {figs. 561, a, and 559, r, r), which are placed on the upper 
surface of a little projection called the rostellum situated at the 
base of the anther. 

Structure of the Pollen. — We must now more particularly 
describe the structure of the pollen-cell, or pollen-grain as it is 
more frequently called. We shall treat of it under four heads, 
viz. : — 1. Its Wall or Coats ; 2. Its Contents ; 3. Its Form and 
Size ; and 4. Its Dehiscence. 

1. Wall or Coats of the Pollen-cell. — When mature the wall 
of the pollen-cell generally consists of two membranes ; an in- 
temal or intine , and an external or extine. In rare cases the 
outer coat appears to consist of two, or even three layers ; while 
in Zostera, Zannichellia , and some other submersed aquatic 
plants, there is but one membrane, wliich is of a similar nature 
to the intine. 

The intine is the hrst formed layer, and appears to be of the 
same nature and appearance in all pollen-cells. It is usually 
smooth, very delicate, and transparent and composed of pure 
cellulose. It is generally applied so as to form a complete lining 
to the extine, except perhaps in those cases where the latter 
presents various processes, as in (Enotliera , when Henfrey be- 
lieves that the intine does not extend into them in the mature 
pollen. 

Fig. 562 . Fig. 563 . Fig. 564 , Fig. 565 . 



Fig. 562. Pollen of Hollyhock (Althcca rosea) Fig. 563. Elliptical pollen 

of Milkwort {Polygala), e. Evtine. /.Slits. Fig. 664. The same pollen 

viewed from above. Fig. 565. Pollen-cell of Dactylu glomeruta. After 

Jussieu. 


The extine is a hard thick resisting layer forming a kind of 
cuticle over the intine. While the intine usually presents a 
similar appearance in the pollen of different plants, the extine 
is liable to great variation ; thus it is sometimes smooth, at 
others marked with little granular processes {fig. 70), or spiny 
protuberances {fig. 562), or reticulations {fig. 560). The nature 
of these markings b always the same for the pollen of any par- 
ticular species of plant, but varies much in that of different 
plants. The extine is generally covered by a viscid or oily 
secretion, which is commonly supposed to be derived from 
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matter remaining from the solution or absorption of the walls 
of the parent-cells. The colour of pollen-cells also resides in the 
extine. In by far the majority of cases the pollen-cells are 
yellow, but various other colours are also occasionally found ; 
thus they are red in species of Verbascum , blue in some species 
of EpUobinm, black in the Tulip, rarely green, and occasionally 
of a whitish tint. 

Besides the various markings just described as existing on the 
extine, we find also either pores (fig. 505), or slits (figs. 563, /, 
and 564, /), or both pores and slits, and which vary in number 
and arrangement in different plants. At the spots where these 
slits or pores are found, it is generally considered that the extine 
is absent ; but some botanists believe that the outer membrane 
always exists, but that it is much thinner at these points than 
elsewhere. In the greater number of Monocotyledons there is 
but one slit ; while three is a common number in Dicotyledons. 
Sometimes there are six, rarely four, still more rarely two, and 
in some cases we find twelve or more slits. These slits are gene- 
rally straight (fig. 563, /), but in Mimnlus moschatus they are 
curved ; and other still more complex arrangements occasionally 
occur. 


Ftg. 566. Fro. 56 7. 



Fig. 568. 



Fig. 566. Pollen of the Passion-flower ( Fassiflora ), before bursting, o, o.o. 

Lid-like processes. Fig. 567. Pollen of the Gourd, at the period of 

bursting, o, o. Lid-like processes of the extine protruded by the projec- 
tions, t,f, o' the intine. From Jussieu. Fig. 568. Trigonal pollen of the 

Evening Primrose (CE no them biennis). 


The pores, like the slits, also vary as to their number. Thus 
we commonly find one in Monocotyledons, as in the Grasses ; 
and three in Dicotyledons. Sometimes again the pores are very 
numerous, in which case they are either irregularly distributed, 
or arranged in a more or less regular manner. The pores, also, 
may be either simple, or provided with little lid-like processes, as 
in the Passion-flower (fig. 566, o, o, o), and Gourd (fig. 567). 
These processes (fig. 567, o, o) are pushed off by corresponding 
projections of the intine, t , t , when the pollen bursts, or when 
it falls upon the stigma for the purpose of fertilising the ovules ; 
hence such pollen-cells have been termed operculate. 

The pollen of all Angiospermous plants is a simple cell as 
above described, but in Gymnospermous plants the pollen 
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is not a simple cell, but it contains other small cells, which 
adhere to the inside of its internal membrane close to the point 
where the external membrane presents a slit. (See ‘ Reproduc- 
tion of Gymnospermia/ in Physiological Botany.) 

2. Contents of the Pollen-cells, or the Fovilla — The matter con- 
tained within the coat or coats of the pollen-cell is called the 
fo cilia. This consists of a dense, coarsely-granular protoplasm, 
in which are suspended very small starch granules, and what 
appear to be oil globules. As the pollen-cell approaches to 
maturity, the fovilla becomes more concentrated, and contains 
less fluid matter and more granules. Some of these granules 
are not more than about 3 —^ of an inch in diameter, while the 
largest are about 4 J 5d or of an inch. They vary also in 
form, some being spherical, others oblong, and others more 
or less cylindrical with somewhat tapering extremities. When 
water is applied to the granular contents they become opaque. 
When viewed under a high magnifying power, the starch granules 
at certain periods (especially at the period of the dehiscence of 
the pollen) exhibit a very active tremulous motion, moving to 
and fro in various directions and appearing as if repelled by 
each other. This is simply molecular motion, analogous to that 
of all other very minute particles when suspended in a liquid. 
The fovilla is without doubt the essential part of the pollen-cell, 
but the office it perforins will be explained hereafter 

3. Form and Size of the Pollen-cell.- — Pollen-cells are found 
of various forms. The most common forms appear to be the 
spherical (figs. 70 and 562), and oval (fig. 5G3) ; in other cases 
they are polyhedral, as in Chicory and Sonchvs palustris , or 
triangular with the angles rounded and enlarged (trigonal), as 
in the Evening Primrose and plants generally of the order 
Onagracese (fig. 568), or cubical as in Basella alba , or cylindrical 
as in Tradescantia virginica , while in Zostera they are thread- 
like or of the form of a lengthened tube or cylinder, and other 
forms also occur. It should also be noticed that the form of 
the pollen is materially influenced according as it is dry or moist. 
Thus the pollen-cells of the Purple Loosestrife and some species 
of Passion-flower are oval when dry, but when placed in water 
they swell and become nearly globular : this arises from osmotic 
action taking place between the thickened fovilla and the water, 
by which some of the lxtter is absorbed, and the pollen-cells 
consequently distended. Again, when spherical pollen-cells are 
exposed to the air for some time they frequently assume a more 
or less oval form. In size, pollen-cells vary from about 555 to 
-j^oo an in diameter ; their size, however, like their form, 
is liable to vary according as they are examined in a dry state 
or in water. 

4. Dehiscence of the Pollen. — We have already stated that 
when the pollen-cells are placed in water they become distended 
in consequence of osmotic action taking place between their 
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thickened contents and the surrounding fluid. If this action be 
continued by allowing the pollen-cells to remain in the liquid, 
they must necessarily burst at some point or other, and allow 
their contents to escape. Under these circumstances, as the 
intine is very extensible, while the extine is firm and resisting, it 
will be found that the former will form little projections through 
the pores or slits of the latter, so as to produce little blister-like 
swellings on its surface {fig. 569). Ultimately, however, as ab- 
sorption of fluid by endosmose still goes on, the intine will itself 
burst and discharge the contents of the pollen-cell in the form 
of a jet (fig. 569). These changes will take place more rapidly 
if a little sulphuric or nitric acid be first added to the water. 


Fig. 569. 


Fig. 570. 


Fig. 571. 





Fig. 569. Pollen of tlie Cherry discharging its fovilla through an opening in the 

intine. Fig. 570. Trigonal pollen of (Enothera with a pollen-tube. 

Fig. 571. Vertical section of the stigma and part of the style of Antu rhi- 
num majus. stig. Stigma, on which two pollen-cells have fallen, each of 
■which is provided with a pollen- tube, tp> which pierces the tissue of the 
style, styl. 


When the pollen is thrown upon the stigma in the process 
of pollination (fig. 571, stig), the above described action be- 
comes materially modified. In this case the pollen-cell does 
not burst, but its intine protrudes through one or more of the 
pores or slits of the extine in the form of a delicate tube (fig. 
571, tp), filled with the fovilla, and called the pollen-tube ; 
this penetrates, as will be afterwards described, through the 
tissue of the stigma (and style (fig. 571, styl) also, when 
this is present), to the placenta and ovules. This tube is fre- 
quently some inches in length, and its formation is not due, as 
was formerly supposed, to osmotic action, but a true growth, 
caused by the nourishment it derives from the stigma and con- 
ducting tissue of the style in its passage downwards to the in- 
terior of the ovary. (See page 263.) 

Professor Duncan has proved that the pollen-tube is not 
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“(in all cases at least), as formerly supposed, a continuous tube 
that is, having but one cavity ; but that in Tigridia conchiflora 
and all other Monocotyledons which he has examined with long 
styles, 4 transverse inflections of the tubular cell- wall of the 
pollen-tube exist every nowand then ; ’ so that then ‘the pollen- 
tube is really a tube formed by elongated cells. ’ In Dicoty- 
ledons, however, the pollen-tube appears to be in all cases uni- 
cellular, and, therefore, to have one continuous cavity. 


2. THE DISK. 

The application of the term disk is variously understood by 
botanists : thus, by some it is used as synonymous with thalamus , 
receptacle , or torus ; by other's, it is understood to include all 
abnormal or irregular bodies of whatever form or character 
which are situated on the thalamus between the androecium and 
gynoecium ; by others, again, it is defined as that part of the 
thalamus which is situated between the calyx and the gynoe- 
cium, and which forms a support to the corolla and androecium ; 
While others, again, define the disk as the portion of the thala- 
mus situated between the calyx and gynoecium, when that part 
assumes an enlarged or irregular appearance ; and lastly, the 
term disk is understood to include all bodies of whatever form 
which are situated on the thalamus between the calyx and 
gynoecium, or upon or in connection with either of these organs, 
but which cannot be properly referred to them. It is applied 
in the latter sense in this volume. 

Although the disk is not an essential organ of the flower, it is 
best treated of in this place, as it is most commonly placed be- 
tween the androecium and gymecium, and therefore comes next 
in order as we proceed with our examination of the parts of the 
flower. The disk seems, in many cases at least, to be merely a 
modification of the androecium ; this appears to be proved 
not only from its parts occasionally alternating with the stamens, 
as in Gesn-era, but also from the circumstance of portions of it 
when highly developed becoming occasionally changed into them. 
It is frequently of a nectariferous nature, and hence was treated 
of by Linneeus and many succeeding botanists under the head 
of Nectaries. We have already referred to nectaries under 
Glands (page 67) and Corolla (page 232). 

The disk is developed in a variety of forms ; thus, in the 
Orange and Rue (fig. 573), it forms a fleshy ring surrounding 
the base of the pistil ; in the Tree Pseony (fig. 574), it occurs 
as a dark red cup-shaped expansion covering nearly the whole 
of the pistil except the stigmas ; in the Rose and Cherry (fig. 
539), it forms a sort of waxy lining to the tube of the calyx ; 
and in Umbelliferous plants, the disk constitutes a swelling on 
the top of the ovaries adhering to the styles (fig. 572, d) ; this 



in m , 1 <&» ia bdMY 

wAtoadl tolft&.iawMtg Awi«krl>odie«,M 
teOMMiferoUk Plants (^j. 35, $1) ; ortoaoalea, a* in the Stone- 
<*# (Jty. 576), and Vine (j%. 513) ; or to varioua petaloid ex- 
pwmionn, as in the Columbine. 



Fio. 672. Fia 578. 



jp&jr. 572 Flower of the Fennel (Forntculum) The ovary i* surmounted by 

a disk, d Fig 573. Flouer of the Hue {Ruta graveolent) The pistil is 

surrounded by a disk in the form of a fleshy hypogynous ring, on the out- 
side of which the stamens are inserted 


When the disk is situated under the ovary, as in the Orange 
and Jtue^/h/. 573), it is termed hypogynms ; when it is attached 
to the calyx, as in the Rose and Cherry (fig. 539), it is pei'igytbons ; 


Fig. 574 Fir.. 575. ^ 



Fig. 574. Pistil of the Tree Peeony (Paonui Moulan) invested hy a huge 

cup-shajtd expansion or disk Fig 575 Fistil of Stoneerop (Serium). 

consisting of five distinct carpels, on the outside of each ot which at the 
bast a small scaly bodj may be noticed The pistil is compound and 
apocarpous 


or when on the summit of the ovary, as in Umbelliferous plants 
(fig. 572, d), epigymnis ; these terms being used in the sense 
already described when treating of the insertion of the stamens 
under the head of the Androecium. 


3. THE GYNCECIUM OK PISTIL. 

We now arrive at the consideration of the last organ of the 
flower, namely, the gynoecium or female system. The gynoecium, 




Fig. 577. 


«r ftofi w to k imputotiy occupies the eeafe© of 

the flower, tie eaidroeciuitt and floral en- 
velopes being arranged around it when Fig. 876. 
they are present (tig. 26) ; the floral Fig. 578. 

envelopes alone in the ordinary pistillate Vr ^ 
flower ; or it stands alone when the flower 
is pistillate and naked (Jig. 34). The V 

gynoecium consists of one or more 
modified leaves called carpels which are 
either distinct from each other, as in the ! 

Stonecrop (Jig. 676) ; or combined into one \ 

body, as in the Primrose (Jig. 676) and Ml\ * 

Tobacco (Jig. 678). When there is but CUj^ 
one carpel as in the Pea (Jig. 598) and 8 

Broom (Jw. 577), the pistil is said to be 
simple ; when there is more than one, as in Fig. 577. 
the Stonecrop (Jig. 675), Tobacco (Jig. 578), f 
and Primrose ( Jig. 576), it is compound. a 

Before proceeding to examine the gynoe- IM 
cium or pistil generally, it is necessary / \ 

to describe the parts, nature, and structure A f \ 

of the carpel, of one or more of which organs Hr, $JLr 

it is composed. fl MMp 

The Carpel. — This name is derived ■ 
from a Greek word signifying the fruit, ^ ] I 

because the pistil forms, as will be after- \ 
wards explained, the essential part of that ^ 

organ. Each carpel, as we have already 
noticed (page 19), consists, 1st, of a hoi- IW 
low inferior part arising from the thala- composed of several 
mus, called the ovary (Jig. 579, o), con- c “ d 

taming m its interior one or more little ponnd and syncarpons. 

roundish or oval bodies called ovules, ov, There but one style 

and which are attached to a projection —l^g' 

on the walls termed the placenta , p. 2nd, 577. Simple pistil of 
of a stigma or space of variable size, com- ( 0, g t ^3J7— 

posed of lax cellular tissue without epider- * fuj.' 578 . compound 

mis ; this stigma is either placed directly on P istl1 of Tobacco (M- 

j .1 „ • v-u '1* cotiann Tabacum). t. 

the ovary, m which case it is said to be ses- Thalamus, o Ovary. 

sile , as in the Barberry (Jig. 579, st) ; or it .< style, g. Capitate 
is elevated on a stalk prolonged from the atlgma ’ 
ovary, called the style , as in the Broom 
(Jig. 577, s). The only essential parts of the carpel, therefore, 
are the ovary and stigma, the style being no more necessary to it 
than the filament is to the stamen. The terms ovary, style, and 
stigma are applied in precisely the same sense when speaking of 
a compound pistil in which the parts are completely united (Jigs. 
31, 576, and 578), as with the simple carpel. The simple ovary 
(page 271) has two sutures, one of which corresponds to the 


ri»s>e yjrrunmu vutyujuj f 
composed of several 
united carpels, and 
hence termed com- 
pound and syncarpons. 
There is but one style 
surmounted by a capi- 
tate stigma. — - Ftp. 
577. Simple pistil of 
Broom, o. Ovary, s. 

Style. t. Stipma. 

Ftg. 578. Compound 
pistil of Tobacco (jVj- 
cotiana Tabacum). t. 
Thalamus. o Ovary. 
s Style. g. Capitate 
stigma. 
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PARTS AND NATURE OF THE CARPEL. 


union of the margins of the lamina of the carpellary leaf out of 
which it is formed, and which is turned towards the axis of the 


Fig, 579. 



Fig. 580. 



Fig, 579. Vertical section of the ovary of the Barberry ( Berberis vulgaris), 
on the outside of which are seen a stamen and petal, o. Ovary, ov. Ovules 

attached to a projection called the placenta, p. at. Sessile stigma. 

Fig. 580. Vertical section of the flower of the Preony ( Foconia ). ds. 
Dorsal suture of the ovary, vs. Ventral suture. 


plant ; and another, which corresponds to the midrib of the 
lamina, is directed towards the floral envelopes or to the cir- 
cumference of the flower ; the former is called the ventral suture 
(fig. 580, rs), the latter the dorsal , ds. (See also page 292.) 

Nature of the Carpel . — That the carpel is analogous to the 
leaf is proved in various ways, some of which will be more 
particularly mentioned hereafter, when treating of the General 
Morphology of the Flower ; we shall here only allude to the 
proofs of its nature which are afforded by the appearance it 
sometimes presents in double or cultivated flowers ; and by tra- 
cing its development. Thus, in a double flower of the Cherry the 
carpels do not present a distinct ovary, style, and stigma, as is 
the normal condition of the solitary carpel in the single flower 
(fig. 584) ; but they either become flattened into green expan- 
sions, each of which resembles the blade of a leaf (fig. 581), or 
into organs intermediate in their nature between carpels and 
leaves as represented by the figures 582 and 583. Here the 
lower portion (fig. 583, l), representing the blade of the leaf, 
is clearly analogous to the ovary of a complete carpel, and the 
prolonged portion, s, to the style and stigma. The carpel of 
the single-flowering Cherry being thus convertible into a leaf, 
affords at once conclusive evidence of its being an analogous 
structure. 

A second proof of the nature of the carpels is afforded by 
tracing their development. Thus when first examined they ap- 
pear on the tjialamus as little slightly concave bodies of a green 
colour like young leaves (fig. 585, cor), in a short time they be- 
come more and more concave (fig. 586), and ultimately the two 
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margins of the concavity in each unite (fig. 687 ), and thus form 
a hollow portion or ovary, in which the ovules soon make their 
appearance. This gradual transition of little leafy organs into 
carpels may be well seen in the Flowering Rush. 


Fig. 681 . Fig. 582 . Fig. 583 . Fig. 584 . 



Figs. 581-583. Carpellary leaves from the double flowers of the Cherry-tree. 

I Lamina, p Midrib, s. Prolonged portion corresponding to the style 

and stigma of a perfectly formed carpel Fuj. 584 Carpel from the 

single flower of the Cherry, o. Ovary, t. Style, s. Stigma. 

We have thus in the first place shown that carpels become 
sometimes changed into leaves in the flowers of cultivated 
plants ; and secondly, that they make their first appearance in 


Fig. 585 . Fig. 586 . Fig. 587 . 



V 


car 

Fig. 585. Young flower-bud of the Flowciing Hush ( Butomus umbellate*). 

The carpels, car , are still concave on the inside and resemble small leaves. 

Fig. 686. The carpels m a more advanced state, but the folded mar- 
gins still separated by a slit. Fig. 587. The same carpels m a perfect 

condition. 

the form of little organs resembling leaves ; and in both ways, 
therefore, we have proofs afforded us of their leaf-like nature. 

Structwe of the Carpel . — The ovary being the homologue of 
the blade of the leaf, it presents, as might have been expected* 
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an analogous structure. Thus it consists of parenchyma, which 
is often much developed, and through which the vascular bundles 
composed of spiral and other vessels ramify, and either converge 
towards the base of the style, or terminate at the upper part of 
the ovary when the style is absent. 
Fig. 588. The whole is covered externally by a 

i layer of epidermis (fig. 588, ep). The 

parenchyma is usually of a more lax 
v ? rfc l < ? 1 nature as we proceed towards the in- 
carpel of the Ap- side of the ovary, where it forms a 
Hoot. or. Oruie. very delicate lining, end, which is 
called by Schleiden, who regards it as 
V Epidermis, form- a modified form of epidermis, epithe- 
coatoftheovary 1 ^ um I this term is not however in 
me. Middle layer! general use by botanists. This inner 
»\ md \ Inuer <x>at. lining corresponds to the epidermis of 
Hi in itg cen . the upper surface of the lamina of the 

MJ tre. st. Stigma, leaf, and being developed under the 
WJ absence of light, it has usually a pale 

_ 7 colour, and is devoid of stomata. The 

epidermis on the outside of the ovary 
corresponds to that of the lower surface of the lamina, and like 
it is frequently clothed with stomata, and sometimes with hairs. 
The parenchyma, me, between the inner lining of the ovary and 
epidermis, corresponds to the general parenchyma of the lamina, 
which is similarly placed. Where the margins of the lamina of 
the carpellary leaf meet and unite at the ventral suture (fig. 580, 
m ), a layer of parenchymatous tissue is developed, which forms 
a more or less projecting line in the cavity of the ovary, called 
the placenta (fig. 579, p), to which the ovule or ovules are 
attached (fig. 623, pi). This placenta is essentially double, the 
two halves being developed from the two contiguous margins 
of the lamina of the carpellary leaf. 

The style has been considered by some botanists as a pro- 
longation of the midrib of the lamina (fig. 583, p , s ), but from 
the arrangement of its tissue it is to be regarded rather as a pro- 
longation of its apex, the margins of which have been rolled 
inwards and united. It consists of a cylindrical process of 
parenchyma, traversed by distinct bundles of vascular tissue, 
which are arranged so as to form a sort of sheath at its circum- 
ference (fig. 590, r, v , v). These bundles are a continuation of 
those of the ovary, and proceed upwards without branching to- 
wards the apex of the style, but always terminate below that 
point. The style is invested by epidermis continuous with that 
of the ovary, and furnished occasionally, like it, with stomata 
and hairs. 

Upon making a transverse (fig. 590), or vertical section (fig. 
1)88), of the style, we find it is not a solid body as we might 
have supposed, but that it is traversed by a very narrow canal 
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(figs, 688, tc, and 590, p), which communicates below with the 
cavity of the ovary, and above with the stigma. This canal is 
either always entirely open, or more or less obstructed, as in 
Orchids (fig, 689, can), or somewhat filled up by a number of 
variously formed very loosely aggregated cells (figs. 691, p , «, 
and 690, p). The walls of the canal also, in all cases, are formed 
of a loose papillose parenchyma (fig. 591 , c , c). This canal may 
be considered as a prolongation of the cavity of the ovary, in an 
upward direction, consequently the loose tissue by which it is 
surrounded is to be regarded as corresponding to the epidermis 
of the upper surface of the lamina of the leaf, merely modified 
to adapt itself to the peculiar conditions under which it is placed. 

Fig. 589. Fig. 59C. Fig. 591. 



Ftq. 589. Vertical section of the flower of Epipactis lati/olia. a. One of the 
divisions of the perianth, c. Stamen. Ovules. x. Stigma, can. Canal 

leading from the stigma to the interior 01 the ovary. From Sclileiden. 

Fig. 590. Transverse section oi the style of the Crow n Imperial ( Frit ilia rta 
impeiialis). p. Canal in its centre lined by projecting papilla?, r, t\ r. 
Vascular bundles corresponding to the three styles of which this compound 
style is composed. From Jussieu. Fig. 691. Section showing the struc- 

ture of the canal of the style in Campanula . From Jussieu, c, c. Paren- 
chymatous cells forming its walls, traversed by ppiral vessels, v. p , p . 
Variously formed loosely aggregated cells. /,/. Elongated filiform cells, 
which with the former more or less obstruct the canal. 

When the carpel is fully matured, that is, at the period when it 
is adapted for receiving the influence of the pollen, the canal of 
the style becomes further obstructed by a number of lengthened 
filiform cells (fig. 691,/,/), which have been sometimes con- 
founded with pollen-tubes, but from which they are readily dis- 
tinguished by being twice or thrice their diameter. At the 
period of fertilisation, these cells, as well as those of the stigma, 
and canal of the style generally, secrete a peculiar viscid fluid 
containing gum or sugar, or both, which is called the stigmatic 
fluid. The loose papillose parenchyma which thus lines the 
canal of the style, with the filamentous elongated cells which 
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am developed in it at the period of fertilisation, and the se- 
creted fluid, together form a very looee humid tissue, to which 
the name of conducting ***** has been given, because from it* 
loosened nature and nourishing properties it serve* to conduct 
(as H were) the pollen-tube* (page 25tt) down the atyie* to the 
placenta and ovule*, as will be explained hereafter. 

The Stigma.— The tissue of the sligtua is analogous to that 
found in the interior of the style, and just described under the 
name of conducting tissue *, in fact, it seems to be nothing more 
than an expansion of thiB tissue externally. It may be either 


Yig.591 ¥ig.593. ¥ig.594. ¥ig. 595. Pig. 506. 



Fig. 592. A portion of the pistil of Daphne Laureofa. o. Summit of the 
ovary, t. Style terminated by a stigma, f. 2. A portion of the stigma 

highly magnified, showing its papillose nature. l'xq. 593. A portion of 

the pistil of Planlago saxatihs. o. Summit of the ovary, t. Style, s, s. 

Bilateral stigma. The above figures are from Jussieu. Fig. 594. Pistil 

Of the Periwinkle (Vinca), o. Ovary, t. Style, s. Hairy stigma, d. Disk. 

Fig. 595. Ventral view of the pistil of hopyrum biternatum , showing the 

double stigma. Fig. 596. Pistil of Wheat surrounded by three stamens, 

and two sqiismulae, ip. Two feathery styles or stigmas arise from the 
top of the ovary. 

on one side of the style (figs. 695 and 697), or at its apex 
(fig. 592), or on both sides (fig. 593), the position depending 
upon the point or points where the canal terminates. Its tissue is 
usually elongated into papillm (fig. 592, 2), hair-like (fig. 594, a), 
or feathery processes (fig. 596) ; or in some cases it is smoother 
and more compact. It is never covered by epidermis. By 
means of the corresponding conducting tissue of the style it is 
in direct continuity with the placenta. At the period of fertili- 
sation, as just noticed, it becomes moistened by a viscid fluid 
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which PMidari the surface more or lses sticky, end thus admir- 
Ably tdupted to rvtun the pollen, which is thrown upon it in 
virtona way* in the proem* of }*>Uin*ti<m. 

«VK«iu^^ H*viiig now described the pert*, nature, 
•HU structure of the carpel, we are in * position to examine in a 
comprehensive manner the gyna*dum or piatil generally, which 
is made up of one or more of such cupels. 

When the gymecium i* formed of but one carpel, at in the 
Broom (fig. 677) and Pea (fig. 6 98), it is called simple, and the 
terms gynweium or pistil and carpel are synonymous ; when 
there is more than one carpel, the pistil or gynoecium is called 
compound (Jig». 675 and 676). 

In a compound pistil or gynoecium the carpels may be either 


Flo. 597. 



Fig. 598. 



FUj. 697. Pistil of Diavthvs Catyophyllu* 
on a stalk, g, called the gynophore, 
below which is the peduncle. On the 
top of the ovary are two styles, the 
face of each of which is traversed by 

a continuous stigmatic surface. 

Fig, 698. Pistil ot Lathyrus. o. Ovary. 
c. Persistent calyx. On the top of 
the ovary is the style, and stigma, 
stiff. 


separate from each other, as in the Stonecrop (fig. 575), and 
Pheasant’s-eye (fig. 602) ; or united into one body, as in the 
Primrose (fig. 576), Carnation (fig. 597), and Tobacco (fig. 578) : 
m the former case, the pistil is said to be apocarpous or dialy- 
carpous , in the latter synearpous. 

When the pistil is apocarpous, the number of carpels of 
which it is composed is indicated by a Greek numeral prefixed 
to the termination gynia , which means woman or female, in re- 
ference to the function it performs in the process of fertilisation ; 
and the flower receives corresponding names accordingly. In a 
synearpous pistil, the number of the styles, or of the stigmas if 
the styles are absent, is also defined in a similar way. Thus, a 
flower with one carpel, style, or stigma is monogynous , with two 
digynous , with three trigynous , and so on. These terms will be 
more particularly referred to when we treat of the Linnsean 
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System of Classification, as most of the Orders of that arrange- 
ment are determined by the number of carpels, styles, or 
stigmas, in the fiower. 

1. Apocarpou * Pistil . — An apocarpous pistil may consist of 
two or more carpels, and they are variously arranged accordingly. 
Thus, when there are but two, they are always placed opposite 
to each other ; when there are more than two, and the number 
coincides with the sepals or petals, they are opposite or alternate 
with them ; it is rare, however, to find the carpels correspond- 
ing in number to the sepals or petals, they are generally fewer, 
or more numerous. The carpels may be either arranged in one 
whorl, as in the Stonecrop (Jig. 575) ; or in several whorls 


Fig. 599. Fig. COO. Fig. 601 



Fuj.b99. Ontral part of the flow or of the Tnlip tree ( Linodendron tuhpifrrti). 
The thalamn*. a, i# more or leas cylindrical r, c. Carpels, r, e. Stamen*. 
Fig. GOO. Section of the flower of the Straw berry. The thalamus hi nearly 
hemispherical, and bears s number of separate carpels on its upper por- 
tion. Fig. 601. Section of the ripe pistil of the Raspberry, showing the 

conical thalamus, l. 


alternating with each other, and then either at about the same 
level, or, as is more generally the case, at different heights upon 
thalamus so as to form a more or less spiral 


Fig. 602. 





■ 


the 

arrangement. When an apocarpous pistil is thus 
found with several rows of carpels, the thalamus, 
instead of forming a nearly flattened top, as is 
usually the case when the number of carpels is 
small, frequently assumes other sha}>6H ; thus, in 
the Magntiliu and Tulip-tree, it becomes cylin- 
drical (Jig . 599) ; in the Raspberry (Jig. 601, 1), 
and Ranuncubui (Jig. 537), conical ; in the Straw- 
berry (Jig. 600), hemispherical ; while in the Rose 
(Jig. 449, r, r), it becomes hollowed out like a cup, 
or urn, an has the carpels arranged upon it* inner 

thahunu 


surface. These modifications of the 


CSrpOtM pbrtl VUUAVO. X uwro lUUUUUUIUUliQ UA IrlAO VUAllMUlUly to* 

of iW ST* gather with some others, will be more particularly 
qr« iAd 0 *is). refen^i to hereafter under the head of Thalamus. 
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These varying conditions of the thalamus necessarily lead to 
corresponding alterations in the mutual relation of the differ- 
ent whorls of carpels which compose an apocarpous pistil, and 
modify very materially the appearance of different flowers. 

2. Syncarpcus Pistil . — We have already seen in speaking of 
the floral envelopes and androecium, that the different parts of 
which these whorls are respectively composed may be distinct 
from each other, or more or less united. From the position of 
the carpels with respect to each other, and from their nature, 
they are more frequently united than any other parts of the 
flower. This union may take place either partially, or entirely, 
and it may commence at the summit, or at the base of the c&rpek. 
Thus in the former case, as in Xanthoxylon fraxineum (fig. 603), 


Fio. G03. Fig. 004. Fig. 605. Fig. 606. 



Fig. 603. Pistil of Xanlhoxybn fmxwrum supported by a prynophore, g. 

The o»arioR, o, and at vie* arr* distinct, but tbc stigmas, *. an> united. 

/Vy. 604. Pi#tll at llomhound (Mut'rubtum rulgnrr). a Labiate plant. Its 

ovaritw, cw, am distinct, the styles, IMug united. Fig. 605. Pistil of 

i/ycuofi«, a BoragiiiHowms Plant, yr. Distinct ovaries. d. Styles united. 

Fig. 606. Flower of Hue (Ruta grttrcolns), showing the ovaries, or, 

united at their base. 

the carpels are united by their stigmas only ; in Didamnus 
Frarinella (fig. 619) the upper parts of their styles are united ; 
while in the Labiatw (fig. 604, a), and most Boraginaceae (fig. 
606, d), the whole of the styles are united. In all the above cases 
the ovaries are distinct. These examples are to be considered, 
therefore, as transitional states between apocarpous and syncar- 
pous pistils. 

It is far more common to find the carpels united by their 
lower portions or ovaries, and this union may also take place to 
various extents. Thus, in the Rue (fig. 606, op), the union only 
takes place at the base of the ovaries, the upper parts re m ai n i n g 
distinct, in which case the ovary is commonly described as lobed. 
In IHanthus (fig. 697) the ovaries are completely united, the 
styles being distinct ; while in the Primrose (fig. 676), the 
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ovaries, styles, and stigmas are all united. When two or more 
ovaries are thus completely united so as to form one body, 
the organ resulting from their union is called a compound 
ovary. 

Compound Ovary . — The compound ovary formed as just 
stated may either have as many cavities separated by partitions 
as there are component ovaries ; or it may only have one cavity. 
These differences have an important influence upon the attach- 
ment of the ovules, as will be afterwards seen when speaking 
of placentation. It is necessary for us, therefore, to explain 
at once the causes which lead to these differences. Thus if we 
have three carpels placed side by side (jig. 607, a), each of these 
possesses a single cavity corresponding to its ovary, so that if 

we make a transverse section of the 
whole, b , we necessarily have three 
cavities, each of which is separated 
from those adjoining by two walls, 
one being formed by the side of 
its own ovary, and the other by 
that of the one next to it. But 
if these three carpels, instead of 
being distinct, are united by 
their ovaries (Jig. 608, a), so as 
to form a compound ovary, the 
latter must necessarily also have 
as many cavities as there are com- 
ponent carpels, 6, and each cavity 
must be separated from those 
adjoining by a wall which is called 
a dissepiment or partition. Each 
dissepiment must be also com- 
posed of the united sides of the 
two adjoining ovaries, and is con- 
sequently double, one half being 
formed by one of the sides of its 
own ovary, the other by that of 
the ad joining ovary. 

In the normal arrangement of 
the parts of the ovary, it must necessarily happen that the 
styles, (when they are distinct), must alternate with the dissepi- 
ments, for as the former are prolongations of the apices of the 
laminae of the carpellary leaves, while the latter are formed by 
the union of their margins, the dissepiments must have the 
Mmit relation to the styles as the sides of the blade of a leaf 
have to its apex ; that is, they must be placed right and left of 
them, or alternate. 

The cavities of the compound ovaty are called cells or loculi, 
and such an ovary as that just described would be therefore 
termed three-celled or trilocular, as it is formed of three united 


Fio. 607. Fig. 608. 



VTfjr. 607. a. Diagram of three carpel* 
placed side by ride bat not united. 
b. A transverse section of the ova- 

riot of the same. Fig. 608. n. 

Diagram of three carpel* united 
by their ovaries, the style* and 
stigma* being free. b. A trans- 
verse section of the ovaries of the 
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ovaries ; or if formed of the united ovaries of two, four, five, 
or many carpets, it would be described respectively as two- 
celled or bilocular , four -celled or quadrilocular , five-celled or quin- 
quelocular , and many-celled or midtilsxyular. As all dissepiments 
are spurious or false which are not formed by the united walls 
of adjoining ovaries, it must necessarily follow that a simple 
carpel can have no true dissepiment, ana is hence, under ordi- 
nary and normal circumstances, unilocular or one-celled. 

From the preceding observations it must also follow that 
when ovaries which are placed side by side cohere, and form a 
compound ovary, the dissepiments must be vertical, and equal 
in number to the ovaries out of which that compound ovary 


Fio. 609. Fig. 610. 


Fig. 611. 


Fk.. 612 . 





nvarv of ('axAia Futuht show mg a number of truna- 
ver*c npunouA dissepiment*.-— -Fuj. 610. Vertical 
section o f the o\ary of the Wallflower. or. Ovules, 
each Ht barbed hv a stalk to the placenta, ot. cl. Ver- 
tical spurous dissepiment called the replnm Ftq. 

61 1 Trunsvomi* action of the lower part of the ovary 
of the Thorn-apple (/A * turn Stmnummm ), showing 

that the ovan is here four-celled. Fuj. 61*1. 

Transverse section of the same ovary at its upper 
part, showing that it is here two-celled. 


is formed. When a compound ovary in composed, however, of 
several whorls of ovaries placed in succession one over the other, 
as in the Pomegranate, horizontal true dissepiments may be 
formed by the ovaries of one whorl uniting by their base to the 
apices of those placed below them. 

We have just observed that all dissepiments are said to be 
spurious except those which are formed by the union of the walls 
of contiguous ovaries, and it occasionally happens that such 
spurious dissepiments are formed in the course of growth, by 
which the ovary acquires an irregular character. These false 
dissepiments commonly arise from projections of the placentas in- 
wards ; or by corresponding growths from some other part of the 
walls of the ovaries. Some of these are horizontal, and are 
called phragmata , as in the Cassia Fistula (fig, G09), where the 
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ovaries, styles, and stigmas are all united. When two or more 
ovaries are thus completely united so as to form one body, 
the organ resulting from their union is called a compound 
ovary. 

Compound Ovary . — The compound ovary formed as just 
stated may either have as many cavities separated by partitions 
as there are component ovaries ; or it may only have one cavity. 
These differences have an important influence upon the attach- 
ment of the ovules, as will be afterwards seen when speaking 
of placentation. It is necessary for us, therefore, to explain 
at once the causes which lead to these differences. Thus if we 
have three carpels placed side by side {fig. 007, a), each of these 
possesses a single cavity corresponding to its ovary, so that if 

we make a transverse section of the 


Fig. 607. Fio. 008. 



Fig. 607. a. Diagram of throe carpels 
placed aide by aide but not united. 
b. A transverse section of the o vo- 
ile* of the name. Fig. 60S. a. 

Diagram of three carpel* united 
by their ovorteo, the and 

otigmo* being free. b. A trana- 
vene section of the ovaries of the 


whole, b , we necessarily have three 
cavities, each of which is separated 
from those adjoining by two walls, 
one being formed by the side of 
its own ovary, and the other by 
that of the one next to it. But 
if these three carpels, instead of 
being distinct, are united by 
their ovaries {fig. 608, a), so as 
to form a compound ovary, the 
latter must necessarily also have 
as many cavities as there are com- 
ponent carpels, 6, and each cavity 
must be separated from those 
adjoining by a wall which is called 
a dissepiment or paiiition. Each 
dissepiment must be also com- 
posed of the united sides of the 
two adjoining ovaries, and is con- 
sequently double, one half being 
formed by one of the sides of its 
own ovary, the other by that of 
the adjoining ovary. 

In the normal arrangement of 


the parts of the ovary, it must necessarily ham>en that the 
styles, (when they are distinct), must alternate with the dissepi- 
ments, for as the former are prolongations of the apices of the 
of the carpeilary leaves, while the latter are formed by 
the union of their margins, the dissepiments must have the 
same relation to the styles as the sides of the blade of a leaf 
have to its apex ; that is, they must be placed right and left of 


them, or alternate. 

The cavities of the compound ovary are called cells or loculi, 
and such an ovary as that just described would be therefore 
termed thrse^dUd or triloculor, as it is formed of three united 
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ovaries ; or if formed of the united ovaries of two, four, five, 
or many carpels, it would be described respectively as two- 
celled or bilocular , four-celled or quadrilocvlar , five-celled or quin- 
quelocular y and many-celled or multilocular. As all dissepiments 
are spurious or false which are not formed by the united walls 
of adjoining ovaries, it must necessarily follow that a simple 
carpel can have no true dissepiment, ana is hence, under ordi- 
nary and normal circumstances, unilocular or one-celled. 

From the preceding observations it must also follow that 
when ovaries which are placed side by side cohere, and form a 
compound ovary, the dissepiments must be vertical, and equal 
in number to the ovaries out of which that compound ovary 


Fio. 609. Fio. 010. 


Fi<;. Oil. 


Fio. 012. 





Fig WW. Vertical wvtion of a portion of the mature 
ovary of (Vnui a Fistulo. showing a number of tram- 

ver*e spurn *u« dissepiments. Fur. 610. Vertical 

section the ovary of the Wallflower, or. Ovules, 
each attache*! by a stalk to the placenta, m. d. Ver- 
tical spurou* dissepiment called the replum. Fig. 

611. Transverse »<*ction of the lower part of the ovary 
of the Thorn-apple (/M/ar** monism), showing 

that the ovary is here four-celled. Fur. 612. 

Transverse section of the same ovary at its upper 
part, showing that it is here two-celled. 


is formed. When a compound ovary is composed, however, of 
several whorls of ovaries placed in succession one over the other, 
as in the Pomegranate, horizontal true dissepiments may be 
formed by the ovaries of one whorl uniting by their base to the 
apices of those placed below them. 

We have just observed that all dissepiments are said to be 
spurious except those which are formed by the union of the walls 
of contiguous ovaries, and it occasionally happens that such 
spurious dissepiments are formed in the course of growth, by 
which the ovary acquires an irregular character. These false 
dissepiments commonly arise from projections of the placentas in- 
wards ; or by corresponding growths from some other part of the 
walls of the ovaries. Some of these are horizontal, and are 
called phragmata , as in the Cassia Fistula (fig. 609), where the 
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owy, miter fertilisation, is divided by a number of transverse 
dissepiments, which are projections from its walls. Others are 
vertical, as in Cruciferous plants, where the dissepiment, called 
a replum (Jig. 610, cl), is formed from the placentas. Also in 
Datura Stramonium , where the ovary is formed of two carpels, 
and is hence normally two-celled ; but instead of thus being 
bilocular, it is four-celled below (Jig. 611) from the formation 
of a spurious vertical dissepiment, but towards the apes it 
is two-celled (Jig. 612), the dissepiment not being complete 
throughout, and thus the true nature of the ovary is there 
indicated. In the Gourd tribe, also, spurious dissepiments 
appear to be formed in the ovary in a vertical direction by pro- 
jections from the placentas. In the Flax, again (Jig. 613, 6), 



Fig. 613. TTfOitverse section of the ovary of the Flav ( Linum ), dhowing five 
complete and true dissepiment*, a, and five incomplete spurious dissepi- 
ments. 6. Fig. 614. Transverse section of the mature ovar> of A»trn- 

galtu, shoalne spurious dissepiment jTroceoding from the dorsal witurv. 
Fig. 615. Transverse section of the ripe ovary of l%itrn. 


spurious incomplete vertical dissepiments are formed in the 
ovary by projections from the dorsal sutures. In the ovary of 
the Astragalus (Jig. 614), a spurious dissepiment is also formed 
by a folding inwards of the dorsal suture ; while in Orytropis 
and Phaca (jig. 615), a spurious incomplete dissepiment is pro- 
duced in the ovary of each by a folding inwards of the ventral 
suture. Various other examples of the formation of spurious 
dissepiments might be quoted, but the above will be sufficient 
for our purpose. It should be noticed that in our description 
of spurious dissepiments, we have not confined our attention 
to those of compound ovaries alone, but have also referred to 
those at simple ovaries, in which they may equally arise. Thus 
the spurious dissepiments of Cassia Fistula , Astragalus , Pham , 
and OxytropUy are examples of such formations in simple ovaries. 

We have now to consider the formation of the compound 
ovary which presents imt one cavity , instead of two or more, as 
in that hut alluded to. Such an ovarv is formed either by the 
union of the contiguous margins of the flattened open ovaries 
of the carpels of which it is composed, as in the Mignonette 
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(Jig. 616) and Cactus (Jig. 626) ; or by the union of carpels the 
ovaries of which are only partially folded inwards, so that a]] 
their cavities communicate in the centre, and hence such a com- 
pound ovary is really unilocular, as in the Orchis (Jig. 617), and 
Poppy (Jig. 618). 



FUj. 616. Transrerw 1 section of tho unilocular ovary of Mignonette (Retain) 
e The lower flattened portion or ovan' of one of the three car]telft of which 

it !•> formal, pi. One of the thm* parietal placentas. Fiq. 617. Trana- 

verw* aection of the unilocular ovarv of an ( trch a. c. The lower portion 
or ovary of one of the three carpel# r >f "which it is formed, al ightly in folded. 

pi One of the three plaeentAK. Ftq.d IH Transverse «uvtion of’ the ovary 

of a aperies of Poppv. or. Ovule*. ptnc.plar. Pbicentus. which in the 
>oung ovary nearly im*et in the centre, and thus the ovar\ becomes almost 
multiloeular, but as the ovary progresses in development it is distinctly 
unilocular. 


Having now described the parts, nature, and structure of the 
carpel, and of the gyncecium or pistil generally, we proceed m 
the next place to allude separately to the constituent parts of 
the carpel, both in a free and combined state, namely, the 
ovary, style, and stigma. 

1. The Ovary. — The ovary, as already mentioned (page 
268) is called compound when it is composed of two or more ova- 
ries combined together ; or, on the contrary, it is simple when 
it constitutes the lower part of a simple pistil ( m fiq. 577, «), or of 
one of the carpels of an apocarpous pistil (,%. 575). It should be 
noticed, therefore, that the terms simple pistil and simple ovary 
are not in all cases synonymous terms ; thus, a pistil or gyno*- 
cium is only said to be simple (Jigs. 577 and 598), when it is 
formed of hut one carpel, the terms pistil or gynceduin and carpel 
being then mutually convertible ; but an ovarv is simple as just 
noticed, whether it forms part of a simple pistil, as in the Broom 
(Jig. 677), or of one of the carpels of an aj>ocarpous pistil, as in 
the Stoneorop (Jig. 575). 

Generally speaking, the ovarv is sessile upon the thalamus, 
the carpollary leaves out of which it is formed having no stalks. 
In rare cases, however, the ovary is more or less elevated above 
the outer whorls, when it is said to be stalled or stipitate, as 
in the Dirtanmu* (Jig. 619, g) y and JHanthus (fa. 597, g) ; this 
stalk has received tiie name of ggtugihorf. We shall refer to 
the gynophore again under the head of Thalamus. 
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The ovary, whether simple or compound, may be either ad- 
herent to the calyx or free from it (see page 220). In the former 
case, as in the Myrtle (fig. 458), it is inferior or adherent, and the 
calyx is superior ; in the latter, as in the Barberry (Jig. 679), 
and Dictamnus (Jig. 619), it is superior or free y and the calyx is 
inferior. In some flowers the ovary is but partially adherent to 
the calyx, as in the species of Saxifrage (fig. 620), in which case 
it is sometimes termed half-adherent or half-inferior ; and the 
calyx is then said to be half-superior ; the latter terms are, how- 
ever, but rarely used, the ovary being commonly described as 
inferior, whether its adhesion to the calyx be complete, or only 
partially so, and rice versa. 


Fio. CIO. Fig. 620. Fig. 621. 
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Fig. 6J». Pistil of Dtclrtmnus Pntxinrlla. The ovary 1# supported on n gyn o- 

phore. g, and is «ui**rior. Fuj. «*2U. Vrrti.’ftl wet ion of tin* tiowvr of 

a .saxifrage, hIio wing the ovary jMTtialh alhemmt to the cal^x. Fig. 

621. Compound irregular ovary of Antirrhinum. 




The student must l>e careful not to confound the inferior 
ovary, as now described, with the apj>arently inferior ovaries 
of such flowers a* the Rose (Jig. 449), where the thalamus, r, r, 
is concave and attached to the tube of the calyx ct y and bears 
a number of carpels, o, o, on its inner walls. A transverse sec- 
tion will at once show the difference ; thus, in the Rose, we 
should then find a single cavity open at its summit, and its walls 
covered with distinct carj>els ; whereas, on the contrary, a true 
adherent ovary would show, under the same condition, one or 
more cells containing ovules. The ovaries of the Rose are there- 
fore strictly superior or free. 

Schleiden contends that the ovary is riot always formed of 
carpels, but sometimes also of the stem, and at other times of the 
two combined His views are not however generally received by 
botanists, and we need not therefore further allude to them. 
It is probable, however, that the thalamus by becoming hollowed 
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out may, in some cases, form part of the ovary, in the same 
manner as it occasionally, under similar circumstances, forms a 
part of the calyx, as already noticed in Eschscholtzia. (See page 
222 .) 

The ovary varies in form and appearance : when simple, it is 
generally more or less irregular in form ; but when compound , it is 
commonly regular. Exceptions to the regularity of compound 
ovaries may be seen in the Antirrhinum (fog. 021), and in other 
instances. In form, the compound ovary is generally more or 
less spheroidal, or ovate. The outer surface may be either per- 
fectly even or uniform, thus showing no trace of its internal 
divisions ; or it may be marked by furrows extending from its 
base to the origin of the style and corresponding to the points 
of union of its constituent ovaries. When these furrows are 
deep, the ovary assumes a lobed appearance, and is described as 
one, tu'o, three, four, fore, or many-lobed, according to the number 
of its lobes. Sometimes we find, in addition to the furrows w Inch 


I'm. 622. 


Fio. 623. 



Ftg. f»‘22. TVtill.it*' of n speolo 1 - of Fup } nrhta* with thrw forkM Ktvlc-% 

- Ft>) Vrilu'.il tU'ction of th* dow* r the Stnnccroj*. pi. Placenta 

of one of ttic ovaHw arwng irom the ventral suture. 


correspond to the joints of union of the ovaries, others of a 
more superficial character which correspond to the dorsal su- 
tures. At the latter points, however, it is more common to find 
slight projections, which then give a somewhat angular appear- 
ance to the ovary. 

The epidermis covering the surface of the ovary mav be either 
iwrfectly smooth, or furnished in various ways with different 
kinds of hairs, or prickles ; or it may assume a glandular appear- 
ance. In these cases the same terms are used as in describing 
similar conditions of the surface of the leaves, or of the other 
organs of the plant. 

When the ovary h compound, the number of carpels of which 
it is composed may be ascertained in one or more of the follow- 
ing ways. Thus, when the styles ( t %. 459), or stigmas (fop. 31), 
remain distinct, the mi m tar of these generally corresponds to the 
number of carpels. It does, however, occasionally happen, as in 
Euphorbia (fog. 622), that the styles are themselves divided, in 

T 
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which case they would of course indicate a greater number of 
carpels than are actually present ; we must then resort to other 
modes of ascertaining this point, such, for instance, as the fur- 
rows, or lobes on the external surface of the ovary ; or the 
number of partitions or loculi which it contains, as these com- 
monly correspond in number to the carpels of which that ovary 
i3 composed. The mode of venation may in some cases also 
foiin a guide in the determination ; while in others the manner 
in which the ovules are attached must be taken into considera- 
tion. We now pass to the examination of the latter point. 

Place ntatbu . — The term placenta is commonly applied to the 
moreor less marked projection occurring in the cavity of the ovary 
(fgs. 570, p, and G23, pl) f to which the ovule or ovules are 
attached. The placentas are variously distributed in different 
plants, but their arrangement is always the same for any parti- 
cular species, and frequently throughout entire genera, or even 
natural orders ; hence their accurate discrimination is of great 
practical importance (see page 278). The term placentation is 
used to indicate the manner in which the placentas are distri- 
buted. The placenta is called by Schleiden the #j>cnnoj>f tore. 

1. Kindt of Placeutatiai i.— In the simple ovary the placenta 
is always situated at the ventral suture or that jK>int which 
corresponds to the union of the two margins of the lamina of 
the carpellary leaf (figs. 570, 580, and 023) out of which it 
h formed ; such a placenta is therefore termed mart final , or 
sometimes axil* from its being turned towards the axis of the 
plant. The latter term is better reserved for the placentation 
of compound ovaries, as described below. 


Fig. G2 4. 


Fio. 625. 


Fu.. 6*26. 



JFuj. S3*. Tntu$v< m w e tw>« or tin* r*»n»i»»un>l <nurv or lh** I.iJy, The ovttry 
is trUoculur. The pUcenta*, nr** mile or central. — Fun tV2b. Trun*- 
•ration of the ovary of a of (\tmfMtttuln. Th*> ovary to flvo- 

. celksiaiwi the placenta Hod, axlh- or o»*titrul. Fuj CJfi. Tran*v«*r*e 

w^rnoo of the ovarj of a Rperti* of ('adu*. The ovor> to unilocular, an 1 
the placet! tot ion parietal. 


In compound ovaries we have three kinds of placentation ; 
namely, oa»4f, parietal, and free central. The axik occurs in 
all compound many-celled ovaries, because in these each of the 
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ovaries of the component carpels is placed in a similar position 
to that of the simple ovary (figs. (K)7 and 008), and hence the 
placentas situated at their ventral sutures will be arranged in 
the centre or axis, as in the Lily (Jig, 624), and Campanula 
(Jig. 626). By many botanists this mode of placentation is 
called central, and the term axile is restricted to the form of 
placentation where the placenta is supposed to be a prolongation 
of the axis. This will be afterwards alluded to. 

In a compound one-celled ovary there are two forms of pla- 
centation, namely, the parietal , and the free-central. The pla- 
centation is termed parietal , when the ovules are attached to 
placentas either placed directly on the inner wall of the ovary, 
as in the Mignonette (Jig. 616, ;>/), and Cactus (Jig. 626) ; or upon 


1 io. Pig. 



627. Transsrn** amotion of the \"unj? man «»f C tmpion (Ly* h mm), show- 
ing fl vo partition* pnjootvlmp from the of t< i o\ . n to tne pl.K'entaa 

in thoerntn*. ihew jwirt it ionn art* M the pnmthof th» o\*ry. 

m> that the )>liuvritAttoi) it* ultimnt* h *nt hi i>‘." V orticA) •%* cium of 
Cera*t»um htnutum ( Cm hophvUaf <r) <* Ov.m. p. 1 n>* ontril p I a- 

ivtita. i f. Ovu!«*n * an«l st j. in »*v. /V; <»?:• 1 rit mviioii 

of tin* mime \\ it h tin t»o portion* « jsirat' <1 t <>var\. y. i’lmma. $ 
Ovule*. * M>h # urn! bt gnu*. rp»m .Jn-'ivm 

incomplete dissepiments formed, as already noticed, by the par- 
tially infolded ovaries, as m the specie^ of OtrJiU ( rig. 617, pf) 
and Poppy (jig. 618, jlac). In parietal placentation, the number 
of placentas corresponds to the number of carjiels of which the 
ovary is formed. When the placentas are' not attached to the 
inner wall of the ovary, but are situated m the centre of the cavity 
and perfectly unconnected with the wall, they form what is 
called a free central placenta, as in the t’aryophyllaeea* (Jigs. 
628 and 62U), and in the Pnmulaeeie (Jig. 6H0, pi). 

Besides the regular kinds of placentation just described, it 
sometimes happens that the ovules are placed more or less 
irregularly in the cavity of the ovary. Thus, in the Flowering 
Uush (Jig. 681), they cover the whole Inner surface of the ovaries ; 
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In the Nympkma, they ere attached all over the dissepiments ; 
in (ktoomboy they arise from the dorsal suture ; and in Broom- 
rape ( Orobanche ), from placentas placed within the margins of the 
ventral suture. 

Fig. 630. Fio. 631. 




/w? 630 VertK»I of the pinll of INoUrnr-n < & piK 

pi Free o* iitr.il placenta a Stvl* ntur HMprma. F\<j 631 Vortical 

ecti«*« of I he flowtT of the Flowering Kush, showing the IniKtr *ur hut; of 
the oranoa cov< re«l all over with orulea. 

2. Origin of the Placenta . — It is generally believed that the 
placenta is, in most cases at least, a cellular growth developed 
from the confluent margins of the c&tjkjIs, or, more strictly 
speaking, from the confluent margins of the lamina* of the 
carpellary leaves, and bearing the ovule or ovules upon its 
surface. In some cases the placenta extends along the whole 
line of union of the carpel (fig. 623, pi), or it may be confined 
to its base or apex. Each placenta is therefore to be con- 
sidered as composed of two halves, one half being formed by 
each margin of the carpel. Thus in simple ovaries the placenta 
is developed by a single carpel ; in compound many -celled ovaries 
the placentas are in like manner formed from the contiguous 
margins of each individual carpel of which it is composed , while 
in compound one-celled ovaries presenting parietal placentution, 
each placenta is formed from the contiguous margins of two 
carpels, and is hence produced by two adjoining carpels. 

That the placentas are really developed m the above forms 
of placentation from the margins of the carpels seems to be 
proved in various ways. Thus, in the first place, the placentas 
always correspond to the points of union of the margins of the 
carpel, and hence would naturally be considered as formed from 
them ; and secondly, we frequently And, that in monstrosities 
or abnormal growths where the carpel is developed in a more 
or less flattened condition, a placenta l>earing ovules is formed 
upon each of its margins. The productions of the ovules in 
these cases may be considered as analogous to the formation 
of hods on the max^ins of leaves, as in tiryophyUum ealydnum 
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(fig. 208), and Malaxi* paludota {fig. 209), already referred to. 
The formation of the placentas from the margins of the carpels 
iuaxile and parietal placentation may be considered, therefore, 
as capable of being proved by direct observation, and from 
analogy to what occurs in certain ordinary leaves. 

We now pass to consider the origin of the free central placenta. 
The theory formerly entertained was, that this also was a develop- 
ment from the margins of the carpels. It was thought that the 
carpels of which the compound ovary was formed originally 
met in the centre and developed placentas from their margins 
in the same manner as in ordinary axile placentation, but that 
subsequently the walls of the ovary grew more rapidly than the 
dissepiments, so that the connection between them was soon 
destroyed ; and that from this cause, and also from the great 
subsequent development of the placenta, the septa ultimately 
became almost or quite broken up, so that the placenta was left 
free in the cavity of the ovary. This theory is strengthened by 
the fact, that in several of the Caryophvllacem we often find 
dissepiments in the young ovary {fig. (>27) ; and even traces 
of these at the lower part of the mature ovarv ; hence it may 
be concluded that these are the remains of dissepiments 
which have become ruptured on account of the unequal deve- 
lopment of the j>arts of the ovary. In the Primrose, how- 
ever, and many other plants, which have a free central placenta, 
no traces of dissepiments can l>e found at any period of the 
growth of the ovary. Duchartre, and others also, who have 
traced the development of the ovary in the Primulacete, state 
that the placenta is free in the centre from its earliest appear- 
ance ; that it is originally a little papilla on the apex of the 
thalamus, and that the walls of the future ovary grow up per- 
fectly free, and ultimately enclose it. The formation of such a 
free central placenta cannot therefore be well explained upon the 
marginal theory, as the carpels have never had any connection 
with it except at their base. Hence this kind of placentation 
has been supposed by many botanists not to be formed from 
the carpels at all, but to be a prolongation of the axis, which 
bears ovules, instead of buds as is the case generally with 
branches. This theory explains very readily the formation of 
the freo central placenta of Primula , and hence such a 
placenta has been denominated axiU by some botanists ; but 
this name, as already noticed (page 274), having been already 
applied to another form of placentation, the adoption of 
such a term cannot but lead to much confusion. The free 
central placenta of Primula can only be explained on the 
marginal or carpell&ry theory of tho formation of placentas, by 
supposing, either that the placentas are only produced at the 
base of the carpels, and subsequently elongate and enforce ; or 
that they are formed by a whorl of placentas developed sepa- 
rately from the carpel* by a process of chorisis (see Chorins), 
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and that these afterwards become united in the centre of the 
ovary. 

Schleiden, indeed, and some other botanists regard the pla- 
centa in all cases as a development from the axis of the plant. 
The axile and free central placentation are readily to be ex- 
plained by it, but the formation of the parietal placenta is by no 
means so clear. It is supposed in the latter case that the 
axis ramifies in the cavity of the ovary, and that the branches 
curve directly from their origin towards the Bide, and become 
blended with the margins of the two adjoining carpels on their 
inner side, and form parietal placentas bearing ovules as lateral 
buds. Schleiden thinks that the formation of the ovule in the 
Yew, where it terminates a branch, and is naked, is incompatible 
with the marginal theory. He also believes that the formation 
of the ovules generally in the Conifer®, supports his views of 
placentation. He regards the ovules in these plants as being 
given off from the axis of the coue, which he calls a placenta, 
and the scales, or bracts, which are 
situated between them, he maintains 
are oj>en caqiellary leaves. Schleiden 
also states, that no satisfactory explana- 
tion can be given by the advocates of 
the marginal theory of placentation of 
the formation of the ovule and placenta 
in A rmrria, in which the ovary com- 
jsjsed of five carjiels surrounds a single 
ovule, which rises from the bottom of 
the axis, supjjorted on a stalk which 
curves downwards at its apex, and thus 
suspends the ovule free in the centre 
of the cavity ( fig. 632). He accordingly 
concludes, that the ovule and placenta 
Fig. M2. Wrtfcal iwctton of are developments of the axis. Many 
tt* flower of Arwria. The 0 ther arguments in favour of the uni- 
• single oTnie suspend^ versa! applicability of the axial theory 
frmn a ftmkmlm or stalk, in the formation of the placenta have 
** bere ** 10 1,6 be en brought forward by Schleiden and 
other botanists, but their further dis- 
cussion would be out of place here. 

From all that has now been stated, we may draw the following 
conclusions, namely that no one theory sufficiently accounts 
for the production of the placenta in all cases ; but that the 
a tile and some forms of the free central placentation may be 
explained on both hy{Hitbeses ; that the parietal placentation 
is best explained upon the marginal theory ; and that the 
formation of the free central placenta of the Privnulaceie, Santa- 
lace®, and some other plants, can only be satisfactorily explained 
by considering the plaoenta as a production of the axis. 

In a practical point of riew, the mode of production of the 
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placenta is of little importance. The accurate discrimination 
of the different kinds is, however, of much value in Descriptive 
Botany, by affording us constant, and hence important characters 
for distinguishing plants. Some natural orders exhibit more 
than one variety of placentation, and cannot be therefore distin- 
guished by any particular kind ; hence, in such orders, the pla- 
centation can only be applied in obtaining good characteristics of 
the genera. In the majority of instances, however, we find one 
kind of placentation occurring throughout all the plants of a 
particular natural order. Thus, the Scrophulariacefe, Ericacere, 
and Campanulacefe present us with axile placentation ; the Papa- 
veracexe, violacem, and Cruciferae with parietal ; and the Caryo- 
phyllacem, Santalaceai, and Primulaceae, with free central pla- 
centation. 

Fir.. f, 35. 



Ftfjt. 643. One of the rarpi-N of ihe Strawberry with a lateral «tyl< 

FutAlM. Tan*! of AkhnnilUi w it h a >>aai!ar #T\le. Thestijroia 1* ca|Htat*. 

/■%. OSS. The carjH iphore, c, of a specivs of OVroaiam, with the rolh-ti* 

hack earpelg, ear. 

2. The Style. — We have already described (page 262) the 
general nature and structure of the style in speaking of the 
carpel. There are, however, certain other matters connected 
with it still to Ihj alluded to. 

The style usually arises from the geometrical summit of 
the ovary, of which it is a continuation in an upward direction, 
as in the Primrose (Jig. 576) : it is then termed apicilar or apical. 
In other cases, the apex of the ovary becomes inflected towards 
the side or base, from the carpel or carols of which it is formed 
being folded like ordinary leaves in reclinate vernation, the style 
then becomes lateral as in the Strawberry (Jig. 633), or basdar 
as in AlchrmiUa (fig. 634). In the two latter cases, therefore, 
the geometrical and organic apices of the ovary do not correspond, 
as the point of origin of the style always determines the latter. 
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The style is generally directly continuous with the ovary, 
which gradually tapers upwards to it, as in Digitalis, in which 
case it is more or less persistent, and then it forms a more or 
less evident part of the fruit ; at other times, however, there 
is a kind of contraction or species of articulation at the point 
where the style springs from the ovary, as in Seirpvs, and then 
the style always falls off after the process of fertilisation is com- 
pleted, in which case it is said to be deciduous, and has no con- 
nection with the fruit. 

When the style is basilar or lateral, and the ovary to which 
it is attached more or less imbedded in the thalamus, it fre- 
quently appears to spring from the latter part ; such an arrange- 
ment is called a gtjnobase , and the ovary is said to be yynolxutU'. 
Thus in the Labiatte (Jig. 004), and Boraginacete (Jig. 005), the 
four ovaries are free, but the styles become connected and form 

Fir,. 036. Fig. 637. 



Fiy. U36. FmiftU* flow <*t of nne of thf* Fvphoi-bmcett. c. p.p . P^tal*. 

t. Membranous exjwmuro rouni t?** o\ar\. o. Ovnr> with thr<*> »t> t<*. 

*. each of w hich i* twio forkt+l. /ty g 37. f nrar> of t»«> (’jutur Oil Plant 

{Rian mm commvnu), belonging to the LupborbUo tt. Tbt* lit) It* In thin 
t awe are once-fork**!. 

a central column, which appears therefore to be a prolongation 
of the thalamus. 

Such an arrangement muri not be confotinded with that of 
the ovaries and styles of the species of Geranium (Jig. 635), and 
some other plants, where the axis is prolonged in the form of a 
beak-like process, to which the ovaries and styles become united, 
and from which they separate when the fruit is ripe. This 
prolongation of the thalamus is termed a carp(fphore. (See 
Thalamus, page 285.) 

We have idready stated (page 273), that when the style* of a 
syncarpous pistil are distinct, they usually correspond to the 
number of carpels of which that pistil is composed. It some- 
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times happens, however, that the style of each carpel bifurcates 
or becomes forked, ae in some Euphorbiace®, either once (Jigs . 
622 and 637), or twice (Jig. 636) ; in which case the apparent 
number of the styles above is then double or quadruple that of 
the carpels. 

When two or more styles are united into one body, this is 
termed a compound style. This adhesion may take place either 
entirely, as in the Primrose (Jig. 576), when the style is impro- 
perly termed simple (undivided or entire would be abetter term) ; 
or the union is more or less incomplete as we proceed towards its 
apex, and corresponding terms are used accordingly. These 
terms are similar to those previously mentioned in describing 
the degrees of division of the other parts of the plant : thus the 
style is said to be cleft / when the union between the component 
styles extends to at least midway between their base and apex ; 
and the style is said to be bijid, trifid , quadrijid , quinquejid , or 

Fi<i. o:;8 



Via. 63S. Pistil of a *j)ccif's of Iru . o. Ormrr. stv. Petal- dd stia. 

Htigmaft. /’is/. I ppet part of the *t> U? and stigma of Lttcktna 

formosa. t. 8tylc. *. Stigma. i. Indunlum. Fig. S40. Upper part of 

the atyle, L, of a Composite Plant dividing into two branches, which are 
covered above by collecting ha tra, pc. 4, True stigma. 

multijid, according as it is tiro, three, four f Jive or many-cleft. If 
the union between the component styles does not extend to mid- 
way between their base and apex, the style is partite, and is de- 
scribed as bipartite , tripartite , <£c., according to 

the number of partitions. 

Form and tfurfacv.—ln form the style is generally more or 
less cylindrical ; and either tapering from the base to the apex, 
as is more frequently the case, or Incoming enlarged as it pro- 
ceeds upwards. At other times the style is filiform, or more or 
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less thickened, or angular ; and rarely thin, coloured, and flat- 
tened like a petal, as in the species of Canna and Iris (Jig. 038), 
when it is then said to be petaloid. 

The surface of the Btyle may be either smooth, or covered in 
various ways with glands or hairs. These haira when situated 
on the style frequently serve the purpose of collecting the jHillen 
as it is discharged from the anther, and are hence termed col- 
lecting hairs . The collecting hairs on the style of the species of 
Campanula (figs. 154 and 155) are retractile; they have been 
already described under the head of Hairs. In the Composite 
the surface of the style is also more or less covered with stiff col- 
lecting hairs (Jig. 640, pc), and as the style is developed later 
than the stamens, it is at first shorter than these organs, but as 
growth proceeds, it breaks through the adhering anthers, and thus 
the hairs on its surface come in contact with the pollen and 
become covered with it. In the allied orders to the Composite, 
namely, the Goodeniacete and the Lobeliace®, the hairs form a 
little ring below the stigma (Jig. 639, t), to which the term of 
itidusium has been given. 

3. The Stigma. — The stigma has been already described 
(page 264), as being connected with the placenta by means of 
the conducting tissue of the style ; hence it may be considered 
as a portion of the placenta prolonged upwards, but differing 
from it in not bearing ovules. If this be the proper view of 
the structure of the stigma, it must be regarded, like the 
placenta, as double, one half being formed by each margin of the 
carpellary leaf, and hence each simple pistil or carpel has neces- 
sarily two stigmas, the normal positions of which are lateral. 
In many Rosacea?, as in the Rose, the stigma is notched on the 
side corresponding to that from which the placenta arises, which 
is another proof of its double nature. 

The stigmas of a Byncarpous pistil are generally opposite to 
the cells, and alternate with the dissepiments, but it sometimes 
happens, as in the Poppy (Jig. 31), that half the stigma of one 
carpel unites with a similar half of that of the adjoining car- 
pel, and thus it becomes alternate with the cells, and opposite to 
the dissepiments, which are here, however, imperfect (Jig. 618). 

The term stigma is only properly applied to that j>ortion of 
the style which is destitute of epidermis, and which secretes the 
stigmatic fluid ; but it is often improperly given to mere divi- 
sions of the style. Thus in the species of Iris (Jig. 638), the 
three petaloid portions of the style are by some botanists termed 
petaloid stigmas ; whereas the stigma is properly confined to a 
little transverae space near the ajiex of each division. In many 
plants of the natural order Leguminosm, such as Lathyrus (Jig. 
598), the hairy part towards the summit of the style has been 
termed a stigma, but the latter is confined to the apex of that 
organ. In Labiate plants also, the style frequently divides 
above into two branches (fig. 604), and these have been called 
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stigmas, but the latter, as in the instances just alluded to, are 
confined to the apices of the divided portions of the style. 

We have already seen that the stigma may be separated from 
the ovary by the style (figs- 576 to 578) ; or the latter organ may 
be absent, in which case the stigma is said to be sessile, as 
in the Barberry (fig. 579) and Poppy (fig. 31). In Orchids the 
stigma is sessile on the gynostemium (fig. 589, x), and appears 
as a little cup-shaped viscid space just below the attachment of 
the pollen-masses. 

In a syncarpous pistil the stigmas may be either united toge- 
ther as in the Primrose (fig. 576), or distinct as in the Campa- 
nula (fig. 502) ; in the latter case, instead of looking upon these 
separate parts as so many distinct stigmas, it is usual to describe 
them as if they were portions of but one ; thus we speak of 
the stigma as bifid , trifid , <fcc., or as biloMe, trilobate , «fcc., ac- 
cording to the number and character of its divisions. Thus the 
term lobe is usually applied when the divisions are thick, as in 

Fit.. C41. Fio. 61*2. Fig. 64.**. 
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Fitf.KH. PUtil of Lily, with ow style an<l a 

trilobate stigma. F tj. M2. Lobv4 »upina 

of Melon. /*»</. 643. Twill of a •.jxvle-x of 

( hri/MHiK* mum, with one #iyL* an>l a bitui 
Mttnua, tin* divinum* with hairy at their e\- 
tremitleK. 


the Lily (fig. 641) and Melon (fig. 042) ; or when these are 
flattened ancl somewhat strap -shajKHl, as in the Composite (fig. 

043) , the stigma is fissured or cleft ; or when flattened into 
plates or hands they are termed lamella*, as in the Bignonia (fig. 

044) and Mimulwt. The number of these divisions in the 
majority of instancts corresponds to the number of carpels of 
which the pistil is composed ; and if the latter organ is many- 
celled, the number of cells will generally correspond also to the 
divisions of the stigma. Thus the five-cleft stigma of some 
Campanulas indicates that there are five cells to the ovary, and 
that the pistil is formed of five carols. In the Gratninaceas (fig. 
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596) and Composite (figs. 640 and 643), however, we have a 
bifid stigma, and but one cell in the ovary ; but this arises from 
the non-development of the ovary of one of the two carpels of 
which the pistil in the plants of these orders is formed. 

The lobes assume different appearances : thus, they may be 
smooth, or thick and fleshy, as in the Melon (fig. 642), or fea- 


Fig. 04*1. 



Fig. 645. 



Ftg. 444. Stigma. #, attached to t, of Bttrncnia arVrfa. In the htft* 

band figure tin* UtnulUr are separate, in the other applied cloudy to each 

other. Ftg. 645. Flower of a specie* of Rumtx, showing fnug<Hl *tlg- 

maa, pi. 

thery, as in many Grasses (fig. 596), or fringed or laciniate, as 
in the Evmex (Jig. 645, pi). 

When the stigmas are united, the number of parts in the 
compound stigma is usually indicated by radiating furrows, or 
grooves. When the stigmas unite and form a compound body 

Fig. 646. Fig. 647. Fig. 618. 



/ty. C46. 4. Peltate or nhidd-abapcd utitrma nwrmountlng tlw atyle, /, of a 

ttpecteft of Artmiux. Fig. 647. PUrtii of Ikiphn*. o. Ovary. */. Htyle. 

s&q. Stigma. /ty. 64S. Piatil of Pamy ( Viola tricolor). cal Kctnairt* of 

csaljx. o. Ovary, sty. Myle, •announted by an irregular hood ml atlgma. 

upon the top of the style, which is larger than it, this compound 
stigma or head is said to be capitate ; and this head may be 
either globular, as in Daphne (fig. 647), or hemispherical, as in 
the Prunrose (j%f. 576), or polyhedral, or club-shaped, or peltate 
or shield-shaped, as in the Arbutus (fig, 646), and Poppy (fig. 
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31). In the Violet (fig. 648), the stigma presents an irregular 
hooded appearance. 

4. THE THALAMUS, RECEPTACLE, OR TORUS. 

The extremity of the peduncle or pedicel, or the part of the 
axis upon which the different whorls of the flower are arranged, 
has been variously distinguished by botanists as the tkalamns , 
receptacle, and tanu. The use of these names indifferently has 
often led to much confusion ; and the uncertainty is still further 
increased in consequence of the terms receptacle and torus being 
also sometimes applied in a different sense. Thus, that of re- 
ceptacle is employed in a special manner, as already mentioned 
(page 191), to indicate an enlarged peduncle bearing a number 
of flowers ; while the term torus is used by some botanists as 
synonymous with disk (page 257). To prevent confusion, there- 
fore, it would be far better to limit the terms receptacle and torus 
to their special applications ; and to confine the term thalamus to 
indicate the apex of the jnsduncle or pedicel, or the part of the 
floral axis upon which the different whorls of a solitary flower 
are arranged. In this sense it is used in this volume. 

In the majority of plants the thalamus is a little flattened 
surface or point, and accordingly presents nothing remarkable ; 
but in other plants it becomes much enlarged, and then assumes 
a variety of appearances, and thus modi ties to a considerable 
extent the form of the flower. Most of these forms of the 
thalamus have Wen already referred to (page 260) when describing 
the apocaqsms pistil, but it will W» more convenient for refer- 
ence. &c., if we now aj>eak again of these and all other essential 
modifications. In the species of Magnolia, Liriod* tuiron, and 
plants of the order Magnoliaceie generally, the thalamus is 
cylindrical (fig. 599, a); in plants also of the order Anonaceae, it 
usually acquires a somewhat similar form ; in the Raspberry 
(fig. (501, /), and sjK'eiesof Jianuncnht# (fig. 537) it is conical ; in 
the Strawberry ( fig. 000), hemispherical ; in Xehtmbium (fig. 649, 
thal ), it is a large tabular expansion, in which there arc a number 
of cavities containing the separate carpels. In the Rose it forms 
a concavity uj>on w T hich the caq>ols are placed (fig. 449, r, r). 

In the Primulaceie, Santalaceie, and in all cases where the pla- 
centa is free from the wall of the ovary from its earliest appear- 
ance, the thalamus becomes prolonged into the cavity of the ovary 
and forms the placenta (fig. 630). At other times the thalamus 
becomes prolonged beyond the ovary, as in the (leraniacem and 
Umbeilifera) ; thin prolongation is termed a car}*>pfu>re. In the 
species of Geranium (Jig. 635, c), this caq>ophore forms a long 
beak-like prooess to whic)i the carpels are attached, and from which 
they separate when the fruit is ripe. I n many cultivated flowers, 
as in the Rose, the thalamus will frequently acquire a monstrous 
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development, and become extended beyond the flower into a 
branch bearing true leaves (fig. 650). To this prolongation of 
the axis beyond the flower the term median prolificatum is usually 
applied. 

In some plants the thalamus becomes prolonged beyond the 
calyx, and forms a stalk to the ovary, to w r hich the term gyno- 
Fig. 649. Fig. 650. 



Pf'/. S49. that TitnLui>u* <*f y*htmbtwm rarp. f'arpoU. fUV*. \T»*ii - 

Mtrouw rifieloftiK* nt oi th* flower of ti»* !(<*»■, showing tin nxi* prolong* d 

U'jond flu* fP u**r and t>* aring fru<* l< nve%. /* g. (}5i. Flow»>r of u »i»'cwh 

of dfnandtoptdt. Udonjrng to tho Oapjioridiutw*. ml. Cnhx. mr (V 
roils, that. Prolong* d th»laniu* or gj noplwjiv, Kupjxirtlng tin* fttmnmm, 
jT, and or an . or. 

phore has been applied ; and uj»on this Mtalk the stamens arc 
also commonly placed, and in some cases the petals as well. 
Examples of this may Ik* seen in some of the Capparidar&a (fig . 
651, thaL ) ; in the Passion-flower, the Pink ( fig. 5tl7 * j/), IHctamnm 
(fig. 619, g), and Xanthoxylon (Jig. 603, g). This prolongation or 
stalk of the ovary is by some considered to Iks formed by the 
union of the petioles of the carpel lary leaves of which that ovary 
is composed. 
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Section 5. The Fruit. 


We have already seen that the ovary has in its interior one 
or more little oval or roundish bodies called ovules, which ulti- 
mately by fertilisation from the pollen become the seeds (page 
19) ; their description, therefore, in a regular arrangement, 
should follow that of the ovary. It is, however, far more conve- 
nient to examine, in the first place, the nature and general 
characters of the fruit, as this is composed essentially of the 
mature ovary or ovaries, and its description conies therefore 
naturally at the present time, when the details connected with 
the ovary are fresh in our memories. Such an arrangement 
has, also, the further advantage of enabling us to describe the 
seed immediately after the ovule, as these two organs are, in 
like manner, only different conditions of one body. 

Nature of the Fruit . — After the process of fertilisation has 
been effected, important changes take place in the pistil and 
surrounding organs of the flower, the re- 
util t of which is the formation of the fruit. Fig. (n/2. 


The fruit consists essentially of the ma- 
ture ovary or ovaries, containing the fer- 
tilised ovule or ovules, which are then 
termed seeds. Even the styles and stig- 
mas mostly disappear, but the remains of 
the style frequently evist in the form of a 
little point on the fruit, which is then com- 
monly described as apirulate. Some traces 
indeed of the style may lie usually observed, 
by which we are enabled to distinguish 
small fruits from seeds ; thus, the fruits of 
the species of Ranunculus, those of Labiate 
plants, the Iloraginacere, Umbellifene, and 
others, may Ikj in this way known from 
seeds. Generally sj'e&king, however, the 
style forms but a very small {K>rtion of the 
fruit, the greater part of it, together with 
the stigma, dying away soon after the pro- 
cess of fertilisation has been effected ; but 


in some cases the style is not only persis- 
tent but continues to grow, and it then 
forms a lengthened appendage to the 
fruit, as in the Travellers- joy ( 652), 

and in the Pasque-f’ower (H /. 695). The 
style in these two cases is also hairy, and 
hence the fruit is called caudate or tailed. 



Fur Fruit of tl oTm- 
vrlh*r'»-joY \ Clematis 
i i/.i/ki). Thh fruit is 
iiilloii an Aoha-nium , 
it ts oaiitiaU' or tuiloi. 


Although the fruit may thus bo described as consisting essen- 
tially of the mature ovary or ovaries, other parts of the flower are 
also frequently present, anti enter into its composition. Thus, in 
those cases where tho calyx is adherent to the ovary, as in the 
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Apple, Quince (Jig. 468), Pear, Melon, and Gooseberry, it neces- 
sarily forms a part of the fruit ; in the Rose the concave thala- 
mus (Jig, 449, r, r), which bears the carpels on its iuner surface, 
and the adherent calyx-tube, ct, become a portion of the fruit ; in 
the Strawberry (Jig*. 600 and 656), the fruit consists of the suc- 
culent hemispheric thalamuB, bearing the carpels on its convex 
surface ; in the Acorn (Jig. 395), Hazel-nut (Jig. 396), Filbert, 
dfcc., it oonsists of pistil, c&lvx, and bracts, combined together; 
while in the Pineapple (Jig. 287), it is composed of the ovaries, 
floral envelopes, and bracts of several flowers ; in the Fig also 
(Jig. 401) we have a fruit formed of a number of separate flowers 
enclosed in a fleshy receptacle. These examples, and a number 
of others might be alluded to, will show, that although the fruit 
consists essentially of the mature ovary or ovaries, enclosing the 
fertilised ovules or seeds, yet the term is also applied to what- 
ever is combined with the ovary, so as to form a covering to 
the seed or seeds. 

Change.* produced in the Ocarp in the conr.se of if.s Develop- 
ment . — The fruit being essentially the ovary in a mature stated 
should correspond with it in structure. This is the case generally, 
and we find the fruit therefore consisting of the same parts as 
the ovary, only in a modified condition ; thus, the walls of the 
ovary commonly alter in texture, and either l>ecome dry, mem- 
branous, coriaceous, woody, &e. ; or, on the contrary, more or 
less pulpv. fleshy, Ac. 

At other times more important changes take place during the 
ripening of the ovary, which disguise the real structure of the 
fruit. These changes either arise from the addition, abortion, 
or alteration of parts. Thus, 1st. The addition of parts is com- 
monly produced by the formation of the spurious dissepiments 
already alluded to. In Datura St mnumium, for instance, we 
have a two-celled ovary converted into an iiuj>erfectly four-celled 
fruit by the formation of a spurious vertical dissepiment (fig*, 
611 and 612); this dissepiment appears to lie formed by the pro- 
jection of the placentas fin the two side# which meet and be- 
come united to corresponding projections from the dorsal sutures. 
In Coma Firtula, again (fig. 609), and some other fruits of a 
similar nature, we have a one-ctdled ovary converted into a 
many-celled fruit by the formation of a number of transverse 
dissepiments. In Prrtrea zanguelmrxca, a one-celied ovary is 
converted into a six-celled fruit (Jig. 653), by an extension and 
doubling inwards of the placenta. In Tritmlu* terredrU the 
ovary i* five-celled ; but as it approaches to maturity, each 
cell (fig i. 654 and 655) becomes divided into as many divisions 
as there are seeds contained within it, in consequence of a 
corresponding number of projections from its walls. Other 
examples of the formation of spurious dissepiments producing 
changes in the ovary have been already mentioned when speak- 
ing of these processes (see pages 209 and 270). 
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2nd. Other alterations are produced by the abortion or ob- 
literation of parts, as the ovary ripens. Thus the ovary of the 
Oak and Hazel, consists of three cells, each of which contains 
two ovules, but the fruit has only one cell and one seed, so that 
in the course of development five ovules and one cell have 
become obliterated. In the Birch we have an ovary with two 
cells, containing one ovule in each, but the fruit is one-ceiled 
and one-seeded, so that here one cell and one ovule have become 
obliterated. In the Ash, Horsechestmit, Elm, and many other 
plants, similar changes are produced in the ovary by the abortion 
or obliteration of certain pails. 


Fio. G.’>3. 



Fio. C.>4. Fig. G5G. 



Fla. C*»3. TranuTrrv 1 wvtion of tin* fruit of the /Ve'rvn znrvfw'banca. From 

Fid), t».VI. A urticnl nation of a coll of thco\U!\ of Tr%bulus 

o, o, o. OtoIk r. Proj<*ctioim from th»* wall v, Inch an cotu- 

lncnHiiK t<» separate the ovules. Fuj. 6»M. A vertical action of ac^ll of 

the mature ovary or fruit of the *amo, in uluolt tlu *\ completely 

H*parat« the weds, <j. A'ly. &»6. Fruit of the Strawberry. 


3rd. Other changes are produced in the ovary as it proceeds 
to maturity, in consequence of the alteration of parts, as, for 
instance, a great development of succulent parenchyma. Thus, 
as already noticed, the thalamus of the Strawbeiry (Jiy. 000) 
becomes enlarged and succulent, and forms what is commonly 
termed the fmit, but the real fruit consists of the small dry 
carpels which are scattered over its surface (Jiq. 050). The pulp 
of the Guava, Goo* cherry, Tomato, and some other fruits, in 
which the seeds are imbedded, apj>ears to be produced from the 
placentas ; and that of tho Orange is of a similar nature. 

From the above examples it will be evident that, although 
the fruit consists essentially of the mature ovary or ovaries, yet 
that in the progress of the latter towards maturity it becomp 
frequently much altered from its original structure, so that in 
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orderto have a clear idea of the nature of the fruit, it is impor- 
tant to examine that of the ovary, and trace its development up 
to the fruit. 

General Chara(T , er8 of the Fruit. — The structure of the 
fruit resembling in all important particulars that of the ovary, 
the modifications which it presents, as to composition, position, 
&c., are described by similar terms. Thus we may have simple 
and eomjmuiul fruits, as also apocttrjktu* and synearfKrus ones. 
Simple fruits, like simple ovaries, are normally 5/ tM'uiar ; while 
a compound fruit may have one or more ceils, according as the 
dissepiments are absent or present, and the number of cells is 
indicated by similar terms to those used when speaking of the 
compound ovary (page 208). 

The fruit, like the ovary, necessarily possesses a placenta, 
to which the seeds are attached ; and the same terms are 
used in describing the different kinds of plucentation, as with 
those of the ovary ; these kinds are usually more evident in 
the fruit. 

The fruit, again, is descrilied as .*»//*> rior or inferior , in the 
same sense as these terms are used in speaking of the ovary. 
Thus a fruit is inferior, when it is formed from an inferior ovary, 
in which ea-e the calyx necessarily enters into its composition, 
as in the Melon, Apple, Pear, and Quince (Jiy. 408) ; or it is 
superior, as in the Poppy {fib 31) and Pea (jiy. 003), when 
the ovary is superior, and the calyx non-adherent. 

The Itise of the fruit is that |M»int by which it is united to 
the thalamus ; the a}#* is indicated by the attachment of the 
style, hence in those ovaries w here the style is lateral or basilar, 
as in many Rosacea* (Juju. 033 and f»34), Labiatm 004), and 
Boraginaceic (Hy. 005), the organic aj>ex of the fruit will be also 
thus situated, so that the geometrical and organic apices will then 
be very different. 

Peek ARi*. — The fruit when perfectly formed consists of two 
parts ; namely, the shell or jterimrp, ami the seed or seeds con- 
tained within it. In the majority of cases the pericarp withers, 
and the fruit <h»es not nj»on, when the seeds are alsirtive. Hut 
there are many exceptions to this ; thus, 11111113 ' < >range* and 
Grapes produce no seeds, hut the pericarp is nevertheless fully 
developed ; and in the Bananas, Plantains, and Bread-fruit, the 
pericarps develop most extensively, and become best adapted 
for food, when the seeds are chiefly abortive, Generally shak- 
ing, however, the development of the seeds and jatricarp pro- 
ceeds together after the process cf fertilisation has l»een effected, 
end then only perfect fruit can be formed ; for although in com- 
mon language we apply the term fruit in those instances where 
no seeds are produced, yet strictly speaking such are not fully 
Itemed fruits, but only enlarged and swollen pericarp*. 

Having now alluded to the seeds as a comfionent j*art of the 
perfsot fruit, we must leave their particular examination till 
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we have become acquainted with the structure of the ovules, and 
now proceed, therefore, to the description of the pericarp. 

Composition, of the Pericarp . — In the majority of fruits the 
pericarp consists simply of the walls of the ovary in a modified 
state ; but, when the calyx is adherent, it necessarily presents a 
more complicated structure. The pericarp exhibits three layers 
or regions WK)), an external, called the epicarji or ca vtcarp, 
rp ; a middle, the mesocarp, mf ; and an inner, the eiulocarp, en. 
The middle layer, Wing frequently of a fleshy or succulent 
nature, is also then termed the mrcwarp ; while the inner layer, 
from its hardness in some fruits, is likewise called the rtone or 
putamen. When the pericarp consists simply of the matured 
walls of the ovary, its three parts correspond to the three pa- 
renchymatous layers of the lamina of the carjiellary leaf : thus, 
the epicaiq) represents the epidermis of the under surface, or 
that on the outer surface of the ovary ; the mesocarp corre- 
sponds to the general parenchyma of the lamina, or of that of the 
ovary ; and the endocarp to the epidermis of the upper surface, 
or to the inner lining of the ovary. W hen the calyx is completely 
united to the ovary, the relation of parts must necessarily 
differ, and probably somewhat wiry according to circumstances. 
Thus, in the Apple, which we may take as an illustration of an 
inferior fruit, the epiearp corresponds to the epidermis of the 
under surface of the calyx ; the mesocarp to the rest of the 
calyx, and the whole of the ovary except the inner lining, 
which corresponds to the endocarp. The parenchyma of the 
fruit, like that of the ovary and the lamina of a leaf, is traversed 
by tibro- vascular tissue. 

I'u/. 



/'it/. 7. IVhaceou* bladder} Itgmw* «'f tli* Madder Stnua ((W * tea 

trscrnjt). 

In some cases the pericarp clearly indicates its analogy to the 
lamina by remaining in a condition not very dissimilar to that 
part of a leaf folded inwards and united by its margins, as in 
the Bladder Senna ; such a fruit is described as folia- 

cevtts or leafy. Generally shaking, however, one or more of the 
layers of tho pericarp become more developed, by which its re- 
semblance to the lamina of a leaf is rendered much less evident 
The epiearp usually retains an epidermal appearance, suffering 
but little change, except in becoming slightly thickened. The 
endocarp is more liable to alteration, and frequently differs 
much in appearance from the corresponding ]>art of the lamina 

u 2 
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of a leaf or ovary ; thus, its cells sometimes become hardened 
by thickening layers in its interior and form a stony shell 
surrounding the seed, which is called the jmtamen. The meso- 
carp is however the layer which commonly presents the greatest 
development, and differs most in appearance and texture from 
the general parenchyma of the lamina of a leaf. 

The above remarks will be rendered more intelligible by 
being illustrated by a few examples taken from well-known 
fruits. Thus in the Peach. Apricot, Cherry, Plum, and most 
other drupaceous fruits (page 203), the separable skin is the 
epicarj); the pulpy part, which is eaten, the mesocarp or sarco- 
carp; and the stone enclosing the seed, the endocarp or puta- 
men. In the Almond, the seed is enveloped by a thin 
w*oody shell, constituting the endocarp, which is itself sur- 
rounded by a thin green layer, formed of the combined 
mesocarp and epicarj). In the Apple and Pear, the skin is the 
epicarp ; the fleshy part, which is eaten, the mesocarp or sar- 
cocarp ; and the core containing the seeds, the endocarp. A 
similar disposition of parts occurs in the Medlar, exeept that 
here the core becomes of a stonv nature. In the Date, the outer 
brownish skin is the epicarp; the thin paper-like layer en- 
closing the seed is the endocarp ; and the intermediate pulpy 
part is the mesocarp or sare *earp. In the Walnut, the woody 
shell enveloping the seed, which is commonly termed the nut, is 
the endocarp ; and the green covering of this, called the husk, 
consists of the mesocarp and epicarp combined. In the Orange, 
the outer separable rind is composed of the mesocarp and epicarp ; 
and the thin membranous partitions which divide the pulp into 
separate portions form the endocarp ; the edible pulp itself 
is a development of succulent parenchyma from the inner 
lining of the ovary, or proliahly from the placentas only. 
In the al»ove fruits, and numerous others might Ik> i| noted, 
the different layersof the pericarp are more or less evident ; but 
in some fruits, as in the Nut, these layers become so blended, 
that it is difficult, if not impossible, to distinguish them. The 
examples of fruits now mentioned, together with those pre- 
viously alluded to, will show in a striking manner the very 
varying nature and origin of the parts which are commonly eaten. 

8uture».— In describing the structure of the carjad, we found 
that the ovary presented two sutures (page 250) ; one of which, 
called the ventral suture, convMjxmded to the union of the mar- 
gin* of the lamina of the carj>eilarv leaf, and was consequently 
turned toward* the axis or centre of the flower ; and the other, 
termed the dorsal suture, corresponding to the midrib of the 
lamina, which was directed towards its circumference. The 
simple fruit being formed, in most cases, essentially of the mature 
ovair, also presents two sutures, which are distinguished by 
jdmilar names. These, like those of the ovary, may be frequently 
distinguished externally, either by a more or less projecting Una, 
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or by a slight furrow ; thus in the Peach (fig. C>88), Cherry, Plum, 
and Apricot, the ventral suture is very evident, although the 
dorsal suture has become nearly effaced ; while in the Bladder 
Henna (fig. (157), Pea, and other fruits of the Legmninosfe, 
both dorsal and ventral sutures are clearly visible externally. 

In a compound ovary with two or more cells, in which the 
plaeentation is axile, it must be evident, of course, that the dorsal 
sutures can alone be observed externally, as the ventral sutures 
of the component ovaries are turned towards, and meet in the axis 
of the flower, and are lienee removed from view ; it follows also 
that the numherof dorsal sutures will necessarily correspond to the 
number of CMU|>onent ovaries of which such an ovary is formed. 
In a fruit presenting similar characters, we find of course a 
similar disposition of the sutures. When an ovary, on the con- 
trary, is formed of the blades of two or more carj>ellary leaves, 
the margins of which are not inflected, or only partially so, and 
therefore one-celled, and the placentatmn parietal or free central, 
both ventral and dorsal sutures may l>e observed externally 
alternating with each other. The fruit, which is formed in 
a similar manner, necessarily presents a similar alternation of 
the sutures on its external surface. 

J h himemr.— The pericarp at varying periods, but commonly 
when the fruit is ripe, either opens, so as to allow’ the seed or 
seeds to escajKi ; or it remains closed, and the seeds can then only 
Income free by its decay. In the former ease the fruit is said to 
he tlrhivrHt ; in the latter, Those fruits, such as 

the Nut, Cherry, Apricot, Plum, and Date, which have very 
hard or fleshy j»ertearps, are usually mdehiscent. 

Dehiscent trims open in various wavs : — 1st. By splitting 
longitudinally in the line of one or both of the sutures ; or at 
the junction of the component ovaries only ; or at these points 
as well as at the dorsal sutures. In all the above cases the 
pieces into which the fruit separates are called ru/res, and these 
valves, when the fruit is normal in its structure, are either 
equal in number to the cells, or eoni}NUient ovaries, or they are 
twice as numerous. Thus in fruits formed of a single carpel 
or ovary, which only open by t he ventral or dorsal suture, there 
will be only one valve {fig. Ot»l), corresponding to the one ovary, 
or its one cell ; but if the carpels <»]>eii bv both sutures {fig. 
6(>3), there will be two valves. In fruits formed of compound 
ovaries composed of several cells, the valves will l*e equal m 
number to the cells, or comjK>nciit ovaries, if the dehiscence 
only takes place by the dorsal suture (./if/s. or in the 

line of union of the component ovaries {Jig*. (H»4 MO) ; or they 
will be double the number, if the dehiscence takes place by 
both these parts. In compound one-celled fruits, the valves will 
be equal in number to the eouijHinent ovaries, if the dehiscence 
occurs only by the ventral (./if/. b< 5) or dorsal sutures (jig* 
or double the number, if by both sutures. When there 
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is a distinct axis left after the separation of the valves, this is 
called the columella (Jigs. 670, ti, and 671, a). According to the 
number of valves, the fruit is described as nnivalmlar or ( me - 
valmi, hi valvular or firo-iWerd, tri valvular or thice-ralved, or 
multivalvular or ma tty-ml red. 

2nd. Dehiscence, instead of taking place longitudinallv, or in 
a valvular manner, sometimes occurs in a transverse direction, 
by which the up]>er part of the fruit separates from the lower 
like the lid from a jar or box. And 3rd. It may take place in an 
irregular manner by little pores. We have thus three kinds or 
classes of dehiscence, which are called respectively : 1. I'ahn- 

lar ; 2. JVuasrvrst or ('irnnnsi't stale ; anti 3. 1\» on*. 

Fn., Fit.. Fit.. 



Fig. 658. Fruit « t Lvehnu, F><th^’t I nut of tHnn'hui Fruit 

at Mitfnom-tu ~ Ftg.mX. I<»IIhh‘ **f < {Ayviirgita, 

tkbinciiig by vmtntl nature. — Ftg. 66if FollieU* of MmnoHa gUntra. 
dehUrin# by their dorml nuturen. The tuv <1 tioat the Iruit# 

by bmjr »Uilk<* or funtruli. Fig 663. inline <>f th< IN n whit h lm» 

open*! by IsAh&mml a/ei rentrai nuturt* , hunt'** it U t*o-VHh<<i r ( uh*. 

*p. F| 4c%r\i. pi. Flocirot*. or. S«-<wU*tt*cU«l to the pUcutu h> tt (unit ulu* 
or *UUk,/. r». Eitdoc&rp. 

1. Valvular Dehlstesoe.- This may l>e cither partial or 
complete ; thus, in Diunthm (Jig. 650), Lychnis (Jig. 658), 



VALVULAR DEHISCENCE. — 8EPTICIDAL. 


2 95 


and many other Caryophyllaceous plants, the dehiscence only 
takes place at the upjwr part of the fruit, which then apjiears 
toothed, the number of teeth corresponding to that of the valves 
in complete dehiscence. A somewhat similar mode of partial 
dehiscence occurs in certain Saxifrages, and in the Mignonette 
(Jiy. bbO) ; in the latter plant one large orifice may be observed 
at the summit of the fruit at an early stage of its growth, and 
long before the seeds are rijye. At other times the separatum 
of the fruit into valves is more or less complete, so that the 
nature of the dehiscence is at once evident. There are various 
modifications of these complete forms of valvular dehiscence. 
Thus, in fruits which are formed of but one carpel or ovary, the 
dehiscence may take place by the ventral suture only, as in the 
Hellebore, Columbine (jiy. bbl), and Aconite (jhj. bWi); or 
by the dorsal suture only, as in some Magnolias bb2) ; or 
by both dorsal and ventral sutures, as in the Pea ( Bean, 

and many other Leguminous plants. This form of dehiscence 
is commonly known as sutural. 

In compound fruits having two or more cells, and therefore 
with axile plaeentation, there are three principal kinds of dehis- 
cence, which are called respectively, .vpLWdo/, lomlicidal, and 
Mjftrifnujal. 

A. Srpticiilal ] V/ii,v'ouv. In this the fruit is separated into 
its component ovaries or carpels, by a division taking place 


Fio. Mi. 



Fm. 
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Fut <><vt. Caiwilo of tl»<* M ‘H<low Sttffion (r'nhhi- 
< urn atiiHMHalt). injr aaptindal d> hisoi'iiet*. 

Ft if. (JO'S. I > tu^t-am of sopticidal iIHiimvikv 

xhowinK the jdiicvnuw* and ceod* carriml a « ay 

with tho Ftj.fi lit?. l>u$rntni of 

i*»d«l dohistvno*. *h«‘umi? tho xalvos* hmikmir 
nwtt\ from a otiitiul c.uutun foriutii hv 
union of tin plm* m* #. 


between the two halves of each dissepiment C64-U66). Ex- 
amples may be seen in the ColMrum and JlluHloilriulnm. Here 
each valve correspond* to an ovary or carpel, and the valves are 
said to have their margins turned inwards. In this dehiscence 
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the placentas with the seeds attached are either carried away 
with the valves (fy. 666), as in the Colchicum ; or the valves 
break away from the placentas, which remain united and form 
a central column (Jig. 666). 

B. Loculicidal Dehiscence . — This is said to occur when each 
carpel or ovary ojMms by its dorsal suture, or through the back 
of the cells, the dissepiments remaining undivided (Jigs. 667- 
669). Here each valve is composed of the united halves of two 
adjoining ovaries or carpels, and the valves are said to hear the 
dissepiments in the middle. Examples may be seen in the Iris 
(Jig. 705) and Hibiscus (jig. 667). As in septicidal dehiscence, 


Fig. 007. 


Fig. 668. 

Fici. <><>». 
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Fig. 670. 


c o 





Fig. 067. Capsule of a *prdes of IfibiJtcu j. dehiscing locuHcidally. r, r. r. 
Yah ea. e. Dtaaepiment*. g. — Fig. Otis. Ding-nun of locuhrjiJul 

dehiscence, in which the valv«*s ram the placenta* with them. Fig. 

00». Diagram of locultcidul dehiscence, m which the valve* have sepa- 
rated from the placenta* which remain m a <*< ntrul column with the 

attac)x‘d. Ftg. 670. Fruit of Castor Oil I'laut (Kinnut omnium*),^. 

hi-wing in a septicidal manner, c,c,r. Carp* l* or ovaries. <i. < olumella. 

W. Dorsal suture when cac ti ovar.v ultimately ojwrtH. Fig. 671 Fruit 

of a species of (ittanitm. c. Ft patent calyx. «. Axi* or rarpoph* ire from 
which the ovaries, e,c/, viitti their Ktyh-*, t f t, are irjmratlng. i. htigmiui. 


th© valves may either carry the placentas and seeds with them 
(Jig. 668), as in the Hihisrus and Ins ; or they may break away 
from the placentas, and leave them muted in the form of a 
centra] column (fig. 009) ; or each ovary may simply open at its 
dorsal suture, and the valves bearing the dissepiments may re- 
main attached to the placentas. 

In some forms of septicidal dehiscence the ovaries or carpels 
separate without opening, as in the Digitalis, in which case they 
may afterwards open by their dorsal sutures, that is, inaloculicidal 
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manner. In other cases the axis is prolonged in the form of a 
columella or carpophore, as in the Mallow and Castor Oil Plant 
(Jig. 670, a) f and in the Geraniacem (Jig. 671, a), and Umbeliiferae 
(Jig. 700), and the carpels which are united to it also separate 
without their ovaries opening. The ovaries of such caq>eis 
frequently open afterwards by their dorsal sutures (Jig. 670, ml). 
When such carpels separate with a certain amount of elasticity 
from the axis to which they are attached, as in some Euphorbi- 
aceie, they have been called and (Jig. 670, <*, c). By some 

botanists, all carpels which thus separate from the axis in a 
septicidal manner are termed coed, and the fruit is described as 
tUcoccous, tricocconn, <fcc., according to their number. In certain 
fruits, such as those of the Lit cum cat hurt icutn, the ovaries oj>en 
first by their dorsal suture, and then separate from each other 
in a septicidal manner. 

Some botanists call all fruits, the carpels of which separate 
from one another without opening — srhizocarps ; and term their 
component carpels cocci if there are more than two, or if only 
two in number - mcricarps. 


Fig. < 172 . Fig. 674 . 



A7p. G 72 . (’upmdo of 'Vi/rt&i angum^foUa, showing septifrupd dehiscence. 

r. r, f. ValvcH. a. Avis beurtnff the dissepiments, e, <*. and seed's <t. 

/ty. «i73. IMtiRTHin llhuitrftUuffw'ptlfriMnU dehiscence. /ty 674. Gafsule 

of /tafura *ho\ving septifragul dchU-oenoe. 


C. NeptifragaJl Dehiscence . — In this form of dehiscence the 
ovaries or car}»ela open by their dorsal sutures, as in loculicidal 
dehiscence, and at tne same time the dissepiments sejMixate from 
the walls and remain united to each other and to the axis (Jigs. W2 
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and 673), which in this case is generally more or less prolonged. 
Here each valve is composed of the two halves of adjoining 
ovaries. This form of dehiscence may be seen in the Datura (Jig. 
674), and Cedtrht (Jig. 072). The placentas bearing the seeds 
are here attached to the axis, a, between the dissepiments, c,c. 

In comjKmnd fruits with one cell having parietal or free cen- 
tral placentation, we have two forma of dehiscence ; these are 
analogous to the ordinary septicidal and loculicidal kinds just 
described. Thus, in compound fruits with parietal placentation, 
the dehiscence may take place either through the continent 
margins or sutures of the adjoining ovaries or carpels, so that 
each placenta is divided into its two lamelhe, as in the Gentian 
(Jig. 675), in which case the dehiscence is analogous to the 


Fio. 675. 


Flo. 676. 


Fio. 677. 



Fig Fruit of a Gentian d^hfacntg in niwpti- 

ci'ial mamuT. /’»?. (576. Fruit of II^irt<vaw 

( ti-Kitlftr*, debincinj? in a loruUci’la! manner. 

Fig. 6; 7. Kroitor *iUqua of the Wallflower, 

showing the of two Talmfrom the r* - 

plum. Ftg f*7S. Fniit of (Mainline (( h*l>. 

duniam with Ujc vaires m jsirating from 

the placenta^. 



Flo. 67#. 



septicidal form, and each valve, therefore, represents one of the 
component ovaries or carols of the fruit ; or the dehiscence may 
take place through the dorsal sutures, as in the Heartsease 
(Jh\ 676), in which case it is analogous to the loculicidal form of 
dehiscence, and each valve is coni|>oscd of the adjoining halves of 
two ovaries or carjiela. These forms may he readily distinguished 
by the varying attachment of the placentas and seeds in the two 
cases ; thus, in the former instance, each valve will bear the 
placentas and seeds on its two margins ( Jig. 675), ami the valves 
are said to be placentiferou* at their harden ; in the latter, the 
placenta and seeds will be attached to the centre of each valve 
(Jig. 676), and the valves are then said to be plaint if? nut* in their 
ntiddk. It sometimes hapfnms, as in the fruit of the Chrlidtmium 
(Jig. 676), and Wallflower (Jig. 677), that the placentas bearing 
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the seeds remain undivided, and the valves break away from them, 
so that they are left attached to a frame or replum (page 270). 

In corrqiound fruits with a free central placentation, the same 
forms of dehiscence occur as in those with parietal placentation, 
but here it is difficult in many cases to speak positively as to 
the nature of the dehiscence from the absence of seeds or dis- 
sepiments upon the valves. The means usually adopted in such 
cases is to count the number of the valves and compare their 

J Kisition with the sepals or divisions of the calyx. Thus, as the 
Afferent whorls of the flower in a regular arrangement alternate 
with each other, the component carpels or ovaries of the fruit 
should alternate with the divisions or sepals of the calyx. If 
the fruit therefore separates into aH many }M>rtions as there are 
parts or sepals to the calyx, and if these valves are then placed 
alternate to them, they represent the comjioiient carpels or 
ovaries, and the dehiscence is consequently analogous to the 
septictdal form ; if, on the contrary, the valves are equal and 
opinisite to the sepals or divisions of the calyx, each valve is com- 
posed of the adjoining halves of two ovaries or carpels, and the 
dehiscence is analogous to the loculieidal form. Sometimes the 
number of valves is double that of the calycine segments or 
sepals, in which case each valve is burned of half an ovary’ or 
carpel, the dehiscence <»f the fruit having taken place both by its 
dorsal and ventral sutures. 

In all tlit* alto vt* varieties of valvular dehiscence, the separa- 
tion may either take place from above downwards, which is by 
far the more usual form (/?*/.«. <>*>4, (><’>7, *>72, aiidt»74) : or t»ccn- 
sionally from below upwards, as in the Celandine {Jig. 078), and 
universally in Cruciferous plants ( jig. <>77). 

2. Transverse or Ciuci ms< issile Dkhisof.nck.— In this 
kind of dehiscence the opening takes place by a transverse line 
through the fruit across the sutures, so that 
the upjier part is separated from the lower 
like the lid of a jar or box, as in 
mm <>7D)and AmujitUU 702). Some- 
times tile dehiscence only takes place half 
round the fruit, as in JetlernuMia, in which 
case the Jid remains attached to the |>ericarp 
on one side, as by a hinge. The fruits which 
present transverse dehiscence may be sup- 
posed to lie formed either of carj>eliary leaves 
in which the lamina* are articulated to the 
petioles, as m the Orange (jig. 315), and 
which become separated at the }>oint of arti- 
culation, so that the united petioles form the 
lower part of the fruit, and the united lamina* 
the upper ; or they may result from the pro- 
longation and hollowing out of tho thalamus, and the articula- 
tion of the carpollary leaves to its circumference, so that in the 


Fm. <»79. 



/'a/. Fruit of 

Henlxune < y/Kwrjw* 
mw<>) with truib- 
>er*e dehiscence. 
This fruit ii» term- 
ed h p\ \is, which 
is the name given 
to a capsule with 
tm us verse dehis- 

cence (page 308). 
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dehiscence the lower part of the fruit is formed by the concave 
thalamus, and the upper part by the carpellary leaves ; thus re- 
sembling the separation of the calyx in Kschaciujltzia (page 222), 
from the thalamus. 

In the Monkey-pot (jig. 680), the lower part of the ovary is 
adherent to the tube of the calyx, and the upper portion is free ; 
and when dehiscence takes place, it doesso in a transverse manner 
and at the part where the upper free portion joins the lower 
adherent one, so that it would ap}>ear as if the adherence of the 
calyx had some effect in this ease in producing the trails verse 
dehiscence. Such fruits are sometimes called ojierculate, a term 
which is also applied by other botanists to all forms of trans- 
verse dehiscence in which the up]»er ]>ortion of the pericarp 
separates from the lower in the form of a lid or operculum. 


Fh/. «;S0. Pyxis of 
t he Monke\-)*ut 
\J.rqfihu o//«- 

rut). Fi'j. 0 * 1 . 

of H 

S|*wh's iif f/aty- 
sarum «■ purutin^ 

tnuu»vt*rwl^ into 

«utM« t-dvtl )«Ar- 


Fio. 0t<0. Fio. r*j 



Transverse dehiscence may also occur in fruits which are 
formed by a single o\ary or carj»el, as well as in the coiii|K»und 
ones mentioned above. Thus, the legumes of ( oronilla t Jlvdy- 
mmm (Jig. F>81), Omitfatpus, Arc., separate when rij>e into as 
many portions as there are seeds. The serration taking place 
in tnese cases has been supj>osed to be effected by a process 
called solubility. Some Isjtam.sts regard such legumes as formed 
of folded pinnate carpellary leaves analogous to the ordinary 
pinnate leaves of the same plants, the divisions biking place at 
the points of union of the different jaiirs of pirime. 

3. Porous Demm esce. —This is an irregular kind of dehis- 
cence, in which the fruits open by little jsires or slits formed in 
their pericarps by a process called rupturing. These ojienings 
may be either situated at the apex, side, or base of the fruit, 
hence they are described accordingly, as apimla r, lateral, or 
Mr. Examples of this kind of dehiscence occur in the 
I Pappy (Jig. 31), in which a number of pores are placed beneath 
the peltate disc to wliich the stigmas are attached ; in the 
Antirrhinum (jig. 621), where there are two or three orifices, 
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one of which is situated near the summit of the upper cell or 
ovary, and the other (one or two) in the lower ; and in vari- 
ous species of Campanula (Jtajh. 682, f, f, and 683). In the latter 
the calyx is adherent to the ovary, and the pores, which have a 
very irregular appearance at their margins, penetrate through 
the walls of the pericarp formed by the adherent calyx and 
ovary ; these pores correspond to the number of cells in the 
ovary, and are either situated at the side (jiff. 682), or towards 
the base (jig. 683). 


Fi«. Oh 2. Fjo. 08, 'f. 



08‘J. Fruit of n ok* of fom/samla. p- Pericarp. Fotvs at the 
siilo# r.r. Pcmo-tont onlw unit^i to tho wall of the fnilt so a> to 

form a part of tho r#»nearp. f'iy t>83. Fruit of a si»ecies of Campanula 

(Ichurini? t»> pmwi at its Ui*c. 


Kivns of Fkfit. — A number of different kinds of fruit have 
Wen distinguished and named, and several classifications of the 
same have been proposed at various times, but at present there 
is little accordance amongst botanists upon this subject. This is 
much to he regretted, as then* can be no doubt that a strictly 
definite phraseology of fruits, founded essentially upon the 
structure and position of the ovary, would he of great value 
in Descriptive Ilotanv. The difficulties attending this subject 
have been also much increased by the same names having Wen 
given by authors to totally distinct kinds of fruits, and even 
to different classes of fruits. In a vork like the present it 
would be impossible to describe all the kinds of fruits vhich 
have receive*! names. At the same time, the subject is of too 
much importance to be hastih disjawed of, and as much space as 
possible will be therefore devoted to its consideration. Those 
who wish to investigate the matter further than my limits will 
allow, should consult Lindley's I nt reduction to Botany, for of all 
writers upon C&rpologv, this author has done most to reduce a 
perfect chaos to at least some degree of regularity, and we have 
In this manual made much use of his labours in classifying and 
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defining the different kinds of fruits. The classification, how- 
ever, adopted here differs in some particulars from that of Lind- 
ley. We have taken the pistil as our guide, and have accord- 
ingly used the terms when applied to fruits in precisely the same 
sense as previously defined in treating of that organ. 

The leading divisions of the classification here adopted areas 
follows : — 

1. Fruits formed by a Single Flower. 

a. Simple Fruits. 

b. Apoear]>mi8 Fruits. 

c. Syncaqxms Fruits. 

2. Fruits formed by the combination of Several Flowers. 


1. Fkiits formed by a Six ole Flower. 

a. Simple Fruit*. — By a simple fntit, irv mean one which in 
formed of a single corf>el or t miry , and only (me pr<*lnced hy a 
single flower. By some Ijotanrits this term is used to signify all 
fruits, of whatever nature, winch are the produce of a single 
flower ; thus including the simple, u/K#<wpotM, and syncarjwu* 
fruits of our classification. We descrila* four kinds of simple 
fruits : — namely, the Legume, the Loinentum, the Druja*, and 
the Utricle. 

1. Legume or Pod. - This is a sujierior, one-cell ed, one or 
many-seeded fruit, dehiscing by both ventral and dorsal sutures, 
so as to form two valves, and la*aring its seed or seeds on the 
ventral suture. Examples occur in the Pea i.fuj. fit'll). Bean, 
Clover, and most plants of the order Ix^gu mil »<«*»*, which has 
derived its name from this circumstance. The legume assumes 
v a variety of forms, but it is generally more or leas convex on its 
two surfaces and nearly straight ; at other tunes, howeur, it 
becomes contorted so as to resemble a screw (Jig. <>84>), or a snail 
twisted, as in some HjMicies of Med%cmj< t (jig. tibn), or it is coiled 
np like a caterpillar, as in Scorpiums sulcata (Jig. <>84), or curved 
like a worm, as in Ctrwdpinin coriaria t or it assumes a numlwr 
of other irregular forms. Certain deviations from the ordinaiy 
structure of a legume are met with in some plants ; thus, in 
Adragtdm (Jig. 614), and Lhasa (Jig. (515), it is two-celled, in 
conaecpience of the formation of a spurious dissepiment, which in 
the first plant proceeds from the dorsal suture, and in the latter 
from the ventral. (Hee page 270.) At other times a number of 
spurious horixontal dissepiments are formed, by which the legume 
becomes divided into as many cells as there are seeds, as in 
Cassia Fidula (fa. 600). Another irregularity also occurs in 
the hitter plant, the legume being here indehiacent, but the two 
sutures are dearly marked externally. Other indehisceut legumes 
are a ls o met with, as in Arachu and BUrucarpus, in which there 
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is sometimes no evident mark of the sutures externally ; such 
legumes will, however, frequently split into two valves like' those 
of a pea, if a little pressure be applied as in the ordinary process 
of shelling peas. 

Fio. 684. Fio. 680. Fio. 087. 



Fio. 085. 





Fm «.M. ( oi'ni-up of ,v >r/>in/ u* in lea to. Fm. Snail -1 f ko 

I* puttm of St'<luaw> ultto. Ft-/. <»*<:. spiral or M>n*w-like l<»#unte of 

Ljic* ni<* { t*jo) . F <i 7. LoNK‘ritum of <t s}k*cU^ of Acuna, 


2. The Lonwntum . — This is a kind of legume which is con- 
tracted in a inoiiihform manner between each seed, as in Herig- 
mmm (fug. 081), Ontiffug/tts, and J«wiu Soph mi (toj. 087). It 
is sometimes called a bomm/mvoms Ug tone. This fruit, together 
with the legume, characterise the plants of the Leguminosa*. 
When the loinentum is rqx% it commonly separates into as many 
pieces as there are contractions on its surface (fg. 081), or it 
remains entire ( t fig. t>87) ; m the latter case the seeds are sepa- 
rately enclosed in cavities which are formed by the production 
of as many internal spurious dissepiments ;vs there are external 
contractions. 

3. The J>ntj>e.—- This is a superior, one-cellcd. one or two- 
seeded, indehiscent fruit, having a tieshy or pulpy samniarp, a 
hard or bony endoenrp, and the pericarp altogether sejiarable 
into its component parts, namely, of epicarp, sarcocarp, and en- 
docarp. The Drujw is sometimes called a slone-fru it. Examples 
occur in the Peach (Jig*. 088 ami 089), Apricot, Plum, Cherry 
(Jig. 090), and Olive In the Almond, the fruit presents all the 
characters of the drupe, except that here the sarcttcarp is of a 
toughish texture, instead of being succulent. Many fruits, such 
as the Walnut and Coo >a-nut, are sometimes termed drupes, 
but improperly so, as they are in reality coinj»ouml, or formed 
originally from two or more carpels or ovaries, besides presenting 
other characters differi ng from simple fruits. (See Tiyma, page 
310, and Giant, page 311.) A number of drupes aggregated 
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together on a common thalamus form collectively a kind of Etserio 
(see Et^erio). Any fruit which resembles the drupe in its 
general characters is frequently termed drupaceous or drupe-like. 



Fiq 688 Drupe of the Fcuc! i. Fig 680 1 he same cut vertically . 


4. The Utricle iR a superior, one-celled, one or few-seeded fruit, 
with a thin, membranous, loose pericarp, not adhering to the 
seed ; generally mdehiscent, but rarely opening m a trans- 
verse manner. Examples of this kind of fruit may be seen in 
Amaranthus and Chtnopoduim (Jig. G91). 


Fro. cm. 


Fir,. GOT. 



Ftq. 690. Vertical section of the drupe of the Chern ep Epioarp en Tn- 

docarp. mt. Mfsocarp q w ocd with embn o ^<7 691 l tncular fruit 

of Chenopodivm, sunounrlcd bj the per«i«tent calj x 


b. Apocarpous Fruits. — Under this name we include those 
fruits which are formed of a single can pel or ovary , but of which 
two or more are produced by a single flower. The simple fruits just 
described are frequently placed by botanists under this head, 
together with those to which we are now about to allude. 
Apocarpous fruits are also sometimes called multiple , and this 
latter term is again applied by others to those fruits which are the 
produce of several flowers. We distinguish three kinds of Apo- 
carpous fruits : — The Follicle, the Acheenium, and the Etferio. 

] . The Follicle . — This is a superior, one-celled, one or many- 
seeded fruit, dehiscing by the ventral suture only, and conse- 
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quently one-valved (Jig. 661). By the latter character it is 
known at once from the legume, which opens, as we have seen, by 
two sutures, and is two-valved ; in other respects the two fruits 
are alike. In Magnolia glauca (Jig. 662), and some other species 

Fig. 692. Fig. 693. Fig. 694. 



Ftq 6*>2. Follicles of the Columbine ( Aquilcgia ). Fiq. fi93 Fol- 
licles of th( Aconite (Ainntum). rvj. G94. Follicles of the 

Pwoiiy ( Paonia ). 




of Magnolia, the follicle opens by the dorsal suture instead of 
the ventral. Examples of the follicle occurs in the Columbine 
(Jig. 692), Hellebore, Larkspur, and Aconite (Jig. 693), in all 
of which plants the fruit is composed of three or more follicles 
placed in a whorled manner on the thalamus ; in the Aaclepias , 
Periwinkle, and Paeony (Jig. 694), where each flower generally 
forms two follicles ; and in the Li node nd run and Magnolia 
(Jig. 662), where the follicles are numerous, and arranged in a 
spiral manner on a more or less elongated thalamus. It rarely 
happens that a flower produces but a single follicle ; this, how- 
ever, sometimes occurs in the Picony and in other plants. The 
two follicles of Asclepias are more or less united at their base, and 
the seeds instead of remaining attached to the ventral suture, 
as is the case in the true follicle, lie loose in the cavity of the 
fruit This double fruit has therefore by some botanists received 
the distinctive name of Coneeptaculnm. 

2. The AchwniamoT Achene is a superior, one-celled, one-seeded 
fruit, with a dry indehiscent pericarp, which is separable from the 
seed, although closely applied to it. Linnaeus mistook some of these 
achcenia for seeds, and called the plants producing them gymno- 
spermous (nakod-seeded). Such fruits may be, however, generally 
distinguished from seeds by presenting on some point of their sur- 
face the remains of the style. This style is in some cases very evi- 
dent, as in the Clematis (Jig. 652), and Anemone (Jig. 695). Ex- 
amples maybe seen in the Clematis and Anemone, as just noticed, 
and in the plants of the orders Labiatae andBoraginaceae(.%.696). 
In rare cases we find a flower producing but a single achsenium 

x 
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3. The Et&rio. — When the achaBnia borne by a single flower 
are so numerous that they form more than a single whorl 

or series, they constitute 
collectively an etgerio. 
Examples may be seen in 
the species of Ranunculus 
and Adonis where the a- 
clnenia are placed upon a 
convex thalamus of a dry 
nature ; and in the Straw- 
berry {jig. 656), where 
they are situated upon a 
fleshy thalamus. Hence, 
in the Strawberry, the so- 
called seeds are in reality 
so many separate achce- 
nia, while the part to 
which the Strawberry 
owes its value as a fruit 
is the succulent thalamus. 

In the fruit of the 
Rose the acluenia, instead 
of being placed upon an 
elevated thalamus, as in 
the ordinary etaerio, are Situated upon a concave thalamus, to 
which the calyx is attached {jig. 449). This modification of 
the ordinary etnerio has been made a separate fruit by some 
botanists, to which the name of Cynarrhodnm has been given. 
A similar kind of fruit also occurs in Calycanthus. 

In the Raspberry {jig. 720) and Bramble, we have a kind of 
etserio formed of a number of little drupes, or drupels as these 
small drupes are sometimes termed, crowded together upon a 
dry thalamus. The etierio and its modifications are placed by 
Lindley under a class of fruits called by him aggregate fruits, the 
characters of which are ‘ Ovaria strictly simple ; more than a 
single series produced by each flower.’ The term aggregate is 
also by some botanists applied to fruits which are the produce of 
several flowers. 

c. Syncarpous Fruits. — Under this head we include all fruits 
which are formed by the more or less complete CA>m bination of two 
or more ovaries or carpels , and where only one fruit is produced 
by a single flower. In the two former classes the fruits are 
formed of simple ovaries ; in this class from ovaries of a more 
or less compound nature. In describing these fruits we shall 
follow generally the classification of Lindley. Thus, in the 
first place, we arrange them, from their superior or inferior cha- 
racter, in two divisions ; and each of these divisions is again 
separated into others, derived from the dry or fleshy nature of 
the pericarp, and its dehiscent or indehiscent character. 


Fig. 695. 


Fig. 695. 



?ig. 695. Vertical section 
of an achfpnium of the 
Pasque-flower {Ane- 
mone PuhaUUa). The 
fruit is ‘•aid to be tailed 
In this instance in con- 
sequence of being sur- 
mounted by a feathery 
style.— -F\q. 096. Acha?- 
111 a or fruits of Bugloss 
(Ly(opsis). 
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Division 1. Superior Syncarpous Fruits. 

a. WITH A DRY INDEHISCENT PERICARP. 

1. The Caryopsis is a superior, one-celled, one-seeded, inde- 
hiscent fruit, with a thin dry membranous pericarp, completely 
and inseparably united with the seed (Jigs. 697 and 698). This 
fruit resembles the achtenium, but it is distinguished by the 
complete union which exists between the pericarp and the seed. 
It is, moreover, generally considered as being of a compound 
nature, from the presence of two or more styles and stigmas 
to the ovary (Jig. 596). It is found in the Oat, Maize, Rye, 
Wheat, Barley, and generally in Grasses. These fruits, like the 
achtenia, are commonly called seeds, but their true nature is at 
once evident when they are examined in their early state. 

Fig. 007. Fig. 098. Fig. 099. 



rule or fruit of the Mallow (Malm). 

2. The Samara is a superior, two or more celled fruit, each 

cell being dry, indehiscent, few-seeded, and having its pericarp 
extended into a winged expansion. Each cell of the samara is 
in fact an achsenium with a winged margin. Examples may e 
found in the Maph (Jig. 699), Ash, and Elm. By some botanists 
each winged portion of such a fruit is called a samara, an 118 
such fruits as the Maple are considered to be formed o wo 
united samarse. , u 

3. The Carcei'ule is a superior, many-celled fruit, each cell 
being dry, indehiscent, and one or few-seeded, and all e ce s 
more or less cohering by their united styles to a c^tra ax ?®* 
The common Mallow (Jig. 700) is a good example of this inut. 
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Each cell of the carcerule does not differ essentially from an 
achsenium. 

4. The Amphisarca is a ‘superior, many-celled, indehis- 
cent, many-seeded fruit, indurated or woody externally, pulpy 
internally . 9 Examples, Omphalocarp\is, A dansonia, Grescentia. 

b. WITH A DRY DEHISCENT PERICARP. 

1. The Capsule is a superior, one or more celled, many- seeded, 
dry, dehiscent fruit. The dehiscence may either take place 
by valves, as in Colchicum (fig. 664) and Datura (fig. 674) ; or 

Fig. 703. 




Fig. 701. Spiral capsule of a species of Tltlicterps. Fuu 702. Pyxis or fruit 

of Pimpernel (Anaqallus). Fiq. 703. Fruit or capsule of a species of 

Scrophulana, dehiscing in a septicidal manner. 

by pores, as in the Poppy and Antirrhinum ( fig. 621) ; or 
transversely , as in the Pimpernel (fig. 702) and Henbane (fig. 
679) ; or only partially , as in Mignonette ( t fig. 660), Dianthus 
(fig. 659), and Lychnis (fig. 658). When the capsule dehisces 
transversely the fruit has received the distinctive name of Pyxis. 
The capsule is either one-celled as in the Mignonette (fig. 660), 
Heartsease, (fig. 676), and Gentian (fig. 675); or two-celled 
as in the Scrojihularia (fig. 703) ; or three or more celled, as in 
the Colchicum (fig. 664), and Datura (fig. 674). It assumes 
various forms, some of which are remarkable, as in Hclicteres 
(fig. 701), where it is composed of five carpels twisted spirally 
together, and Ulicium anisatum , where the carpels are arranged 
in a stellate manner. The capsule is a very common fruit, and 
is found almost universally in many natural orders, asPapavera- 
ce«e, Caryophyllacese, Primulaceae, Scrophulariaceae, Liliacece, 
Gentianacese, &c., &c. 

When a capsule consists of three or more carpels, which 
separate from the axis, and burst with elasticity (cocci), as in 
Ricinus (fig. 670) and Hura crepitans (fig. 704), it has been 
termed a Regma. 

When a fruit resembles the ordinary capsule in every respect, 
except that it is inferior, as in the species of Iris (fig. 705) and 
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Campanula (Jigs. 682 and 083), it has received the name of 
Diplotegia. (See Diplotegia, page 311). In the natural orders we 
shall describe such a fruit as capsular . 


Fig. 704 . 


Fig. 705 . 




Fuj 704 Fruit of Sandbox-tree ilium err pt tans). It is composed of fifteen 
carpels which separate ttom the axis when ripe, and buist with great 

force Fu/ 705. Inferior capsular fruit (diplotegia) of the Ins, opening 

in a loeuliciddl manner. 


2. The Siliqua is a superior, one or two-celled, many-Beeded, 
long, narrow fruit, dehiscing by two valves separating from below 
upwards, and leaving the seeds attached to two parietal placentas, 
which are commonly connected together by a spurious vertical 
dissepiment, called a replnm (jig. 677). The placentas are here 
opposite to the lobes of the stigma, instead of alternate, as 
is the case in all fruits which are regular in structure. When 
the replum extends entirely across the cavity, the fruit is two- 
celled ; if only partially, it is one-celled. Examples of this fruit 
occur in the Wallflower (jig. 677), Stock, Cabbage, and a large 
number of other Cruciferae. When a fruit possesses the general 
characters of the siliqua, but with the lobes of the stigma alter- 
nate to instead of opposite the placentas, as in Chelidonium (jig. 
678), it has been named a Ceratium or a siliquirform capsule. 

The siliqua is sometimes contracted in the spaces between 
each seed, like the lomentum (page 303), in which case it is in- 
dehiscent, as in Baphanus sativus , and is then called a hmenta- 
ceous siliqua. 

3. The Silicula . — This fruit resembles the siliqua in every 
respect except as to its length ; and m usually containing fewer 
seeds. Thus the siliqua may be described as long and narrow, 
the silicula as broad and short. Examples occur in the Shep- 
herd’s Purse (jig. 706) and Scurvy-grass. 

The siliqua and silicula are only found in plants of the order 
Cruciferse. Both fruits are occasionally one-seeded, and inde- 
hiscent. 

C. WITH A FLESHY INDEHISCENT PERICARP. 

1. The Hesperidium is a superior, many-celled, few-seeded, 
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indehiscent fruit, consisting of a separable pericarp, formed of 
the epicarp and mesocarp combined together (fig. 707, p , e), and 
having an endocarp, d , projecting internally in the form of mem- 

Fig. 706. Fig. 707. Fig. 708. 



Fig. 706. Siliculaof Rliephci<Vs Purse ( TMmpi ). Fig. 707. Transverse sec- 

tion of tbe fiuit of the Orange (Citrus Aurantium). p. Epicarp. e. Meso 

carp. d. Endocarp. x, s. Seeds. Fig 708. Atmoimal development of 

the fruit of the Orange, in which the carpels, m, and a, are inoie or less 
distinct instead of being united. 


branous partitions, which divide the pulp into a number of por- 
tions or cells, which are easily separated from each other. This 
pulp, as already noticed (page 292), is either a development of 
succulent parenchyma from the inner lining of the ovary gene- 
rally, or from the placentas only. The seeds, .s, s, are imbedded 
in the pulp, and attached to the inner angle of each of the por- 
tions into which the fruit is divided. The fruits of the Orange, 
Lemon, Lime and Shaddock, are examples of the hesperidium. 
It is by no means uncommon to find the carpels of this fruit in 
a more or less separated state (fig. 708), and we have then pro- 
duced what are called i horned oranges/ ‘ fingered citrons/ &c., 
and the fruit becomes somewhat apocarpous instead of entirely 
syncarpous. 

2. The Tryma is a superior, one-celled, one-seeded, indehis- 
cent fruit, having a separable fleshy or leathery rind, consisting 
of epicarp and mesocarp, and a hard two-valved endocarp, from 
the inner lining of which spurious dissepiments extend so as to 
divide the seed into deep lobes It differs but little from the 
ordinary drupe, except in being formed from an originally com- 
pound ovary. Example, the Walnut. 

3. The Nuculanium . — This fruit, of which the Grape (fig. 
712) may be taken as an example, does not differ in any impor- 
tant characters from the berry, except in being superior. (See 
Berry.) 


Division 2. Inferior Syncarpous Fruits . 

a. WITH A DRY INDEHISCENT PERICARP. 

1, The Cremocarp is an inferior, dry, indehiscent, two-celled, 
tiro-seeded fruit. The two cells or halves of which this fruit is 
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composed are joined face to face to a common axis or carpophore 
from which they separate when ripe, but to which they always 
remain attached by a slender cord which suspends them (Jig . 
709). Each half-fruit is termed a hemicarp 
or mericarp , and the inner face the com- Fig. 709. 
missure. Each portion of the fruit re- 
sembles an achaenium, except in being in- 
ferior ; hence the name ( Hachtrnium has been 
given to this fruit. Examples of the cre- 
mocarp as above defined are found univer- 
sally in the plants of the order Umbelliferre. 

By Lindley, the definition of cremocarp is 
extended so as to include fruits of a similar 
nature, but which contain more than two 
cells, as, for instance, those of Aralia. 

2. The Cypsela. — This differs in nothing 
essential from the achamium, except in F m cremocarp or 
being inferior and of a compound nature. iruit of Angelica. 

It occurs in all plants of the order Composite. 

When the calyx is pappose it remains attached to the fruit, as 
in Salsafy and Dandelion. 

3. The Gians or JSIvt is an inferior, dry, hard, indehiscent, 
one-celled, one or tuo-seeded fruit, produced from an ovary of 
two or more cells, with one or more ovules in each cell, all of 
which become abortive in the progress of growth except one or 
two (page 288). The three layers constituting the pericarp of 
the nut are firmly coherent and undistinguishable, and the whole 
is more or less enclosed by a cnpnle. The Acorn (Jig. 395), and 
the Hazel-nut (Jig. 390), may be taken as examples. By some 
botanists the fruit of the Cocoa-nut Palm is called a nut, but 
this differs in being superior, and in its pericarp presenting a 
distinction into epicarp, mesocarp, and endocarp. (See Drupe, 
page 303.) Such a fruit is better described as nut-like . 

6. WITH A DRY DEHISCENT PERICARP. 

1. Diplotegia. — This is the only kind of inferior fruit which 
presents a dry dehiscent pericarp. It has already been stated 
under the head of Capsule (page 309), that the diplotegia differs 
in nothing from it, except in being inferior. The species of Iris 
(Jig. 705) and Campanula (Jigs. 082 and 083) are examples of 
this fruit. The diplotegia may open either by pores (Jig. 083), 
valves (Jig. 705), or transversely (Jig. 680) like the ordinary 
capsule. In the latter case, as with the true capsule, the fruit 
is called a Pyxis . 

C. WITH A FLESHY INDEHISCENT PERICARP. 

1. The Bacca or Berry is an inferior, indehiscent, one or 
more celled, many-seeded, pulpy fruit (Jigs. 710 and 711). The 
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pulp is produced from the placentas, which are parietal {fig, 710, 
pi), and have the seeds, s , s , at first attached to them ; but these 
become ultimately separated and lie loose in the pulp, p. Ex- 
amples may be found in the Gooseberry and Currant. We 
have already stated (page 310), that the fruit of the Grape is 
called a Nuculanium (fig. 712), and that it differs in nothing es- 
sential from the berry, except in being superior. The name bac- 
cate or berried is applied by many botanists to any fruit of a pulpy 
nature, and will sometimes be used in this sense in our descrip- 
tion of the natural orders. 

Fig. 710. Fig. 711. Fig. 713. 





Fig. 710. Transverse section of a berrvof the Goosebcrrv (Rib/ s Groisulana). 

pi. Placentas, s, *. Seeds mibeddel m pulp, p Fig. 711. Cluster of 

berries of the Red Currant (Ribes rubrum). Fig. 712 Nuculanium or 

fruit of the Vine (Vitis vmife/a). Fig 713. Trumverse siction of the 

fruit or pepo of the Melon il, < l, cl Carpels, pi, pi, pi, pi, pi, pi. Curved 
placenta's, sending processes, v, from the circumfi rence, t, to the centre, and 
thus causing the fruit to be spuriously three-celled. 

2. The Pepo is an inferior, one-celled, or spuriously three- 
celled (fig. 713), many-seeded, fleshy or pulpy fruit. The seeds 
are attached to parietal placentas, and are imbedded in pulp, 
but they never become loose as is the case in the berry ; and 
hence this fruit is readily distinguished from it. 

There has been much discussion with regard to the nature of 
the pepo. By some botanists the placentas are considered as 
axile, and the fruit normally three-celled, as it is formed of three 
ovaries or carpels ; while by others the placentas are regarded 
as parietal, and the fruit normally one-celled, as defined above. 
Those who adopt the first view believe that each placenta sends 
outwards a process towards the walls of the fruit, and that 
these processes ultimately reach the walls and then become 
bent inwards and bear the seeds on the curved portions. If these 
processes remain, the fruit is three-celled ; if, on the contrary, 
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they become absorbed, it is only one-celled, and the placentas 
are spuriously parietal. According to the view here adopted, 
the placentas are parietal and send processes inwards which 
meet in the centre, and thus render the fruit spuriously three- 
celled ; or, if these are afterwards obliterated, or imperfectly 
formed, the fruit is one-celled. This fruit is illustrated by the 
Melon, Gourd, Cucumber, Elaterium, and other Cucurbitacese. 
The fruit of the Papaw-Tree resembles a pepo generally, except 
in being superior. 

3. The Tome is an inferior, indehiscent, two or more celled, 
few-seeded, fleshy fruit ; the endocarp of which is papery, car- 
tilaginous, or bony, and surrounded by a fleshy mass consisting 
of mesocarp and epicarp, which is generally considered to be 
formed by the cohesion of the general parenchyma of the ovary 
with the tube of the calyx. Some botanists, however, regard the 
fleshy portion as consisting of the enlarged end of the flower- 
stalk, in which the true carpels are imbedded. Examples may 
be seen in the Apple (Jig. 714), Pear, Quince (Jig. 408), Medlar, 
and Hawthorn. 


Fig. 714. 


Fig. 715. 



Fig. 714. Vertical section of the pome or fruit of the Apple (Pyrui Maltii). 

Fig. 715. Vertical section of the balausta or fruit of the Fomegiauate. 


4. The Balausta is an inferior, many-celled, many-seeded, 
indehiscent fruit, with a tough pericarp. It is formed of two rows 
of carpels placed above each other, and surrounded by the calyx, 
and the seeds are attached irregularly to tho walls or centre. 
The Pomegranate fruit (Jig. 715) is the only example. 


2. Fruits formed by the combination of Several 
Flowers. 

These fruits are commonly termed Anthocarpoits, as they 
consist not only of the carpels or ovaries of several flowers united, 
but also usually of the bracts and floral envelopes in combina- 
tion with them. They have been also called Multiple , Aggregate , 
and Collective fruits , and the two former terms have also been 
applied in a different sense, as mentioned under the head of 
Apoca/rpous fruits (pages 304 and 306). Some botanists also term 


314 


COLLECTIVE FRUITS. — CONE. — GALBULUS. 


them Infrutescences or Confluent fruits. The following have 
received distinctive names : — 

1. The Cone is a more or less elongated fruit, composed of a 
number of indurated scales, each of which bears one or more 
naked seeds (fig. 721). This fruit is seen in the Scotch Fir 
(fig. 288), Larch, Hemlock, Spruce (fig. 415), and a great many 
other plants of the order Conifers© ; which derives its name from 
this circumstance. All plants also of the Cycas family which 
possess fruit, have one of a similar structure. There are two 
views as to the nature of the indurated scales : by some bota- 
nists they are regarded as carpels spread open, by others as 
bracts. They certainly more resemble the latter organs in ap- 
pearance, as they never present any trace of style or stigma on 
their surface. Other botanists (see page 197) regard the cone 
as the fruit or pseudocarp of a single flower, and not as a collec- 
tion of fruits, as here described. Others again may make no 
distinction between a cone and a Strobilus (see Strobilus). 


Fig. 716. Fig. 717. Fig. 718. 



Fig. 716. Galbulus or fruit of the Juniper (Junipcrus communis). Fig. 717. 

Galbulus or fruit of the Cypress ( (lupressus semper r ire ns). Fig. 71b. 

Spbakrocarpium or fruit of the Yew ( Tnxus baccata), surrounded by 
bracts at the base. 

2. The Galbulus. — This fruit is but a modification of the Cone ; 
differing only in being more or less rounded in form instead of 
somewhat conical, and in having the heads of the scales much 
enlarged. It is seen in the Cypress (fig. 717), and in the Juniper 
(fig. 710). In the latter the scales become fleshy, and are 
united together into one mass, so that it somewhat resembles 
at first sight a berry, but its nature is at once seen by examining 
the apex, when three radiating lines will be observed corre- 
sponding to the three scales of which the fruit has been formed, 
and which are here but imperfectly united. 

No other kind of fruits except the Cone and Galbulus are 
found in the natural orders Coniferee and Cycadacete. 

In the Yew (Taxus baccata) (fig. 718) and other plants 
belonging to the Taxaceae, an order closely allied to the Coni- 
ferae and Cycadaceae, the so-called fruit is in reality not a 
fruit at all, as it consists simply, as demonstrated by Dr. Hooker, 
of a naked seed, nearly enclosed in a succulent cup-shbped mass, 
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which is a development from the outer coat ( primine ) of the 
ovule. This so-called fruit has been termed a Sphalerocarpium,. 
Properly speaking, even if regarded as a fruit, it does not belong 
to the class of Collective fruits at all, as it is formed of but a 
single flower. We have placed it here, following Lindley’s 
arrangement, and because, like the two preceding fruits, its 
essential character consists in its naked seed. Some other fruits 
are, however, included by Lindley and others with this under 
the name of Sphalerocarpium. 

The Cone must be carefully distingu ished from Cone-like fruits, 
such as the Magnolia {jig. 6(52) and Liriodendron. The latter 
are not collective fruits at all, but they consist of the ovaries 
or carpels of a single flower, placed upon an elongated thalamus. 

3. The Strobilus or Strobile. — The fruit of the Hop ( Humvlns 
Lupnlus) (jig. 416) is by some botanists considered as a kind of 
Cone with membranous scales, to which the name of Strobilus or 
Strobile has been given ; but the strobile differs essentially from 
the cone, in having its seed distinctly enclosed in an ovary 
placed at the base of each scale. We distinguish this fruit, 
therefore, as a distinct kind, under the above name. It should 
be also noticed that the term Strobilus is frequently employed 
as synonymous with Cone. 

4. The So rosin is a collective 
fruit, formed of a number of 
separate flowers firmly coherent 
into a fleshy or pulpy mass with 
the floral axis upon w hich they 
are situated. Examples of this 
may be seen in the Pineapple 
(jig. 287), where each square 
portion represents a flower ; and 
the whole is surmounted by a 
crown of empty bracts. The 
Bread-fruit and Jack-fruit are 
other examples of the soros is. 

The Mulberry (jig. 719) may be 
also cited as another well-known 
fruit, which presents an exam- 
ple of the sorosis. At first sight, the Mulberry appears to 
resemble the Raspberry (jig. 720), Blackberry, and other fruits 
derived from the genus Rubus , but in origin and structure the 
latter are totally different. Thus, as already noticed in speak- 
ing of the Etserio (page 306), the Raspberry, and other fruits 
derived from the same genus, consist of a number of drupes or 
fleshy achsenia crowded together upon a dry thalamus, and are 
all the produce of a single flower. But in the Mulberry, on the 
contrary, each rounded portion of which the fruit is made up is 
derived from a flower, the calyx of which has become succulent 
and united to the ovary ; the combination of a number of flowers 


Fig. 719 . Fig. 720 . 



Fig. 719. Sorosis or fruit of the Mul- 
berry ( Morus nig/ a). Fig. 720. 

Fruit (ekenu) of the Raspberry ( Rubus 
Id veils). 
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them Infrutescences or Confluent fruits. The following have 
received distinctive names : — 

1. Th e Cone is a more or less elongated fruit, composed of a 
number of indurated scales, each of which bears one or more 
naked seeds (fig. 721). This fruit is seen in the Scotch Fir 
(fig. 288), Larch, Hemlock, Spruce (fig. 415), and a great many 
other plants of the order Conifer® ; which derives its name from 
this circumstance. All plants also of the Cycas family which 
possess fruit, have one of a similar structure. There are two 
views as to the nature of the indurated scales : by some bota- 
nists they are regarded as carpels spread open, by others as 
bracts. They certainly more resemble the latter organs in ap- 
pearance, as they never present any trace of style or stigma on 
their surface. Other botanists (see page 197) regard the cone 
as the fruit or psendocarp of a single flow er, and not as a collec- 
tion of fruits, as here described. Others again may make no 
distinction between a cone and a Strobilus (see Strobilus). 


Fig. 71G. Fig. 717. Fig. 718. 



Fig. 71G. Galbulus or fruit of the Juniper (Junipcrus communis). Fig. 717. 

Galbulus or fruit of the Cypress ( Cupressux semper viren*). Fkj. 718. 

Spbalerocarpiuin or fruit of the Yew ( Taxns Uaccata), surrounded by 
bracts at the base. 

2. The Galbulus . — This fruit is but a modification of the Cone ; 
differing only in being more or less rounded in form instead of 
somew'hat conical, and in having the heads of the scales much 
enlarged. It is seen in the Cypress (fig. 717), and in the Juniper 
(fig. 710). In the latter the scales become fleshy, and are 
united together into one mass, so that it somewhat resembles 
at first sight a berry, but its nature is at once seen by examining 
the apex, when three radiating lines will be observed corre- 
sponding to the three scales of which the fruit has been formed, 
and which are here but imperfectly united. 

No other kind of fruits except the Cone and Galbulus are 
found in the natural orders Conifer® and Cycadace®. 

In the Yew (Tonus baccata) (fig. 718) and other plants 
belonging to the Taxaceee, an order closely allied to the Coni- 
fer® and Cycadaceee, the so-called fruit is in reality not a 
fruit at all, as it consists simply, as demonstrated by Dr. Hooker, 
of a naked seed, nearly enclosed in a succulent cup-shfeped mass, 
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which is a development from the outer coat (primine) of the 
ovule. This so-called fruit has been termed a Sphalerocarpivm. 
Properly speaking, even if regarded as a fruit, it does not belong 
to the class of Collective fruits at all, as it is formed of but a 
single flower. We have placed it here, following Lindley’s 
arrangement, and because, like the two preceding fruits, its 
essential character consists in its naked seed. Some other fruits 
are, however, included by Lindley and others with this under 
the name of Sphalerocarpium. 

The Cone must be carefully distinguished from Cone-like fruits, 
such as the Magnolia (Jig. 602) and Liriodendron. The latter 
are not collective fruits at all, but they consist of the ovaries 
or carpels of a single flower, placed upon an elongated thalamus. 

3. The Strobilus or Strobile. — The fruit of the Hop (Humulus 
Lnpulus) (fig. 416) is by some botanists considered as a kind of 
Cone with membranous scales, to which the name of Strobilus or 
Strobile has been given ; but the strobile differs essentially from 
the cone, in having its seed distinctly enclosed m an ovary 
placed at the base of each scale. We distinguish this fruit, 
therefore, as a distinct kind, under the above name. It should 
be also noticed that the term Strobilus is frequently employed 
as synonymous with Cone. 

4. The Sorosis is a collective 
fruit, formed of a number of 
separate flowers firmly coherent 
into a fleshy or pulpy mass with 
the floral axis upon which they 
are situated. Examples of this 
may be seen in the Pineapple 
(fig. 287), where each square 
portion represents a flower ; and 
the whole is surmounted by a 
crown of empty bracts. The 
Bread-fruit and Jack-fruit are 
other examples of the sorosis. 

The Mulberry (fig. 719) may be 
also cited as another well-known 
fruit, which presents an exam- 
ple of the sorosis. At first sight, the Mulberry appears to 
resemble the Raspberry (fig. 720), Blackberry, and other fruits 
derived from the genus Rubus, but in origin and structure the 
latter aro totally different. Thus, as already noticed in speak- 
ing of the Etserio (page 306), the Raspberry, and other fruits 
derived from the same genus, consist of a number of drupes or 
fleshy achsenia crowded together upon a dry thalamus, and are 
all the produce of a single flower. But in the Mulberry, on the 
contrary, each rounded portion of which the fruit is made up is 
derived from a flower, the calyx of which has become succulent 
and united to the ovary ; the combination of a number of flowers 


Fig. 719. 


Fig. 720. 



Fig. 719. Sorosis or fruit of the Mul- 
berry ( Morus vkjki). Fig. 720. 

Fruit (ctwi i o) of the Raspberry ( Rubus 
JUirus). 
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them Infrutescences or Confluent fruits. The following have 
received distinctive names : — 

1. The Cone is a more or less elongated fruit, composed of a 
number of indurated scales, each of which bears one or more 
naked seeds (fig. 721). This fruit is seen in the Scotch Fir 
(fig. 288), Larch, Hemlock, Spruce (fig. 415), and a great many 
other plants of the order Coniferse ; which derives its name from 
this circumstance. All plants also of the Cycas family which 
possess fruit, have one of a similar structure. There are two 
views as to the nature of the indurated scales : by some bota- 
nists they are regarded as carpels spread open, by others as 
bracts. They certainly more resemble the latter organs in ap- 
pearance, as they never present any trace of style or stigma on 
their surface. Other botanists (see page 197) regard the cone 
as the fruit or pseudocarp of a single flower, and not as a collec- 
tion of fruits, as here described. Others again may make no 
distinction between a cone and a Strobilus (see Strobilus). 


Fig. 71 G. Fig. 717. Fig. 718. 



Fkj. 716. Galbulus or fruitof the Juniper (Juniperus communis). Fkj. 71 7. 

Galbulus or fruitof the Cypress ( Cupresmts sempmirens). Fkj. 71 b. 

Splmkrocarpiuui or fruit of the Yew {Taxus Oaccata ), surrounded by 
bracts at the base. 

2. The Galbulus. — This fruit is but a modification of the Cone ; 
differing only in being more or less rounded in form instead of 
somewhat conical, and in having the heads of the scales much 
enlarged. It is seen in the Cypress (fig. 717), and in the Juniper 
(fig. 71G). In the latter the scales become fleshy, and are 
united together into one mass, so that it somewhat resembles 
at first sight a berry, but its nature is at once seen by examining 
the apex, when three radiating lines will be observed corre- 
sponding to the three scales of which the fruit has been formed, 
and which are here but imperfectly united. 

No other kind of fruits except the Cone and Galbulus are 
found in the natural orders Conifene and Cycadacete. 

In the Yew (Taxus baccata) (fig. 718) and other plants 
belonging to the Taxaceee, an order closely allied to the Coni- 
fer® and Cycadacese, the so-called fruit is in reality not a 
fruit at all, as it consists simply, as demonstrated by Dr. Hooker, 
of a naked seed, nearly enclosed in a succulent cup-stl&ped mass, 
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which is a development from the outer coat ( primine ) of the 
ovule. This so-called fruit has been termed a Sphalerocarpium. 
Properly speaking, even if regarded as a fruit, it does not belong 
to the class of Collective fruits at all, as it is formed of but a 
single flower. We have placed it here, following Lindley’s 
arrangement, and because, like the two preceding fruits, its 
essential character consists in its naked seed. Some other fruits 
are, however, included by Lindley and others with this under 
the name of Sphalerocarpium. 

The Cone m ust be carefully di stingu ished from Cone-like fruits, 
such as the Magnolia {fig. 602) and Linodendron. The latter 
are not collective fruits at all, but they consist of the ovaries 
or carpels of a single flower, placed upon an elongated thalamus. 

3. The Strobilm or Strobile . — The fruit of the Hop (Ilumulus 
Lnpalus) {fig. 416) is by some botanists considered as a kind of 
Cone with membranous scales, to which the name of Strobilm or 
Strobile has been given ; but the strobile differs essentially from 
the cone, in having its seed distinctly enclosed in an ovary 
placed at the base of each scale. We distinguish this fruit, 
therefore, as a distinct kind, under the above name. It should 
be also noticed that the term Strobilus is frequently employed 
as synonymous with Cone. 

4. The Sorosis is a collective 
fruit, formed of a number of 
separate flowers firmly coherent 
into a fleshy or pulpy mass with 
the floral axis upon which they 
are situated. Examples of this 
may be seen in the Pineapple 
{fig. 287), where each square 
portion represents a flower ; and 
the whole is surmounted by a 
crown of empty bracts. The 
Bread-fruit and Jack-fruit are 
other examples of the sorosis. 

The Mulberry {fig. 719) may be 
also cited as another well-known 
fruit, which presents an exam- 
ine of the sorosis. At first sight, the Mulberry appears to 
resemble the Raspberry {fig. 720), Blackberry, and other fruits 
derived from the genus Rubns , but in origin and structure the 
latter are totally different. Thus, as already noticed in speak- 
ing of the Eteerio (page 306), the Raspberry, and other fruits 
derived from the same genus, consist of a number of drupes or 
fleshy achsenia crowded together upon a dry thalamus, and are 
all the produce of a single flower. But in the Mulberry, on the 
contrary, each rounded portion of which the fruit is made up is 
derived from a flower, the calyx of which has become succulent 
and united to the ovary ; the combination of a number of flowers 


Fig. 719. Fig. 720. 



Fig. 719. Sorosis or fruit of the Mul- 
berry (Mortis nn/Kt). Fig. 720. 

Fruit (etwi w) of the Raspberry (Hub us 
JdUeus). 
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them Infrutescences or Confluent fruits. The following hard 
received distinctive names : — 

1 . The Cone is a more or less elongated fruit, composed of a 
number of indurated scales, each of which bears one or more 
naked seeds (fig. 721). This fruit is seen in the Scotch Fir 
(fig. 288), Larch, Hemlock, Spruce (fig. 415), and a great many 
other plants of the order Coniferse ; which derives its name from 
this circumstance. All plants also of the Cycas family which 
possess fruit, have one of a similar structure. There are two 
views as to the nature of the indurated scales : by some bota- 
nists they are regarded as carpels spread open, by others as 
bracts. They certainly more resemble the latter organs in ap- 
pearance, as they never present any trace of style or stigma on 
their surface. Other botanists (see page 197) regard the cone 
as the fruit or pseudocarp of a single flower, and not as a collec- 
tion of fruits, as here described. Others again may make no 
distinction between a cone and a Strobilus (see Strobilus). 


Fig. 716. Fig. 717. Fig. 718. 



Fiq. 71 G. Galbulus or fruitof the Juniper ( Junipcrus communis). Fkj 7)7. 

Galbulus or fruitof the Cypress ( i'uptessus sempervirems). Ftj. 71b. 

Spbalcrocarpium or Iruit of the Yew ( Tax ns taccaia), surrounded by 
bracts at the base. 

2. The Galbulus . — This fruit is but a modification of the Cone ; 
differing only in being more or less rounded in form instead of 
somewhat conical, and in having the heads of the scales much 
enlarged. It is seen in the Cypress (fig. 717), and in the Junijier 
(fig. 716). In the latter the scales become fleshy, and are 
united together into one mass, so that it somewhat resembles 
at first sight a berry, but its nature is at once seen by examining 
the apex, when three radiating lines will be observed corre- 
sponding to the three scales of which the fruit has been formed, 
and which are here but imperfectly united. 

No other kind of fruits except the Cone and Galbulus are 
found in the natural orders Coniferae and Cycadacese. 

In the Yew (Taxus baccata) (fig. 718) and other plants 
belonging to the Taxacese, an order closely allied to the Coni- 
fer* and Cycadacese, the so-called fruit is in reality not a 
fruit at all, as it consists simply, as demonstrated by Dr. Hooker, 
of a naked seed, nearly enclosed in a succulent cup-shhped mass, 
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which is a development from the outer coat ( primine ) of the 
ovule. This so-called fruit has been termed a Sphalerocarpinm. 
Properly speaking, even if regarded as a fruit, it does not belong 
to the class of Collective fruits at all, as it is formed of but a 
single flower. We have placed it here, following Lindley’s 
arrangement, and because, like the two preceding fruits, its 
essential character consists in its naked seed. Some other fruits 
are, however, included by Lindley and others with this under 
the name of Sphalerocarpium. 

The Cone must be carefully distinguished from Cono-like fruits, 
such as the Magnolia (Jig. 602) and Liriodendron. The latter 
are not collective fruits at all, but they consist of the ovaries 
or carpels of a single ihiwer, placed upon an elongated thalamus. 

3. The Strobilus or Strobile. — The fruit of the Hop (Humulus 
Lnpulas) (Jig. 410) is by some botanists considered as a kind of 
Cone with membranous scales, to which the name of Strobilns or 
Strobile has been given ; but the strobile differs essentially from 
the cone, in having its seed distinctly enclosed m an ovary 
placed at the base of each scale. We distinguish this fruit, 
therefore, as a distinct kind, under the above name. It should 
be also noticed that the term Strobilus is frequently employed 
as synonymous witli Cone. 

4. The Sorosis is a collective 
fruit, formed of a number of 
separate flowers firmly coherent 
into a fleshy or pulpy mass w ith 
the floral axis upon which they 
are situated. Examples of this 
may be seen in the Pineapple 
(Jig. 287), where each square 
portion represents a flower ; and 
the whole is surmounted by a 
crown of empty bracts. The 
Bread-fruit and Jack-fruit are 
other examples of the sorosis. 

The Mulberry (Jig. 713) may be 
also cited as another well-known 
fruit, which presents an exam- 
ple of the sorosis. At first sight, the Mulberry appears to 
resemble the Raspberry (Jig. 720), Blackberry, and other fruits 
derived from the genus Kuhns , but in origin and structure the 
latter are totally different. Thus, as already noticed in speak- 
ing of the Etserio (page 306), the Raspberry, and other fruits 
derived from the same genus, consist of a number of drupes or 
fleshy achsenia crowded together upon a dry thalamus, and are 
all the produce of a single flower. But in the Mulberry, on the 
contrary, each rounded portion of which the fruit is made up is 
derived from a flower, the calyx of which has become succulent 
and united to the ovary ; the combination of a number of flowers 


Fig. 719 . Fig. 720 . 



Fiq. 719. Sorosis or fruit of the Mul- 
berry {Morus tw/ki). Fig. 720. 

Fruit (etui 10 ) of the Haspberr} (Rubus 
Iditms). 
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in this case therefore forms the fruit, while in the Raspberry the 
fruit is produced by one flower only. 

4. The Sy conus is a collective fruit, formed of an enlarged 
and more or less succulent receptacle, which bears a number of 
separate flowers. The Fig (fig. 401) is an example of a syconus. 
In this, the flowers are almost entirely enclosed by the enlarged 
hollow, pear-shaped receptacle, and what are commonly called 
seeds are in reality one-seeded fruits resembling achoenia. The 
Dorstenia (fig. 402) is another example of the syconus, although 
it differs a good deal from the Fig in its general appearance ; 
thus the receptacle is less succulent, and only slightly concave 
except at its margins, so that the separate fruits are here readily 
observed. 

All the more important fruits which have been named and 
described by botanists have now been alluded to, but in practice 
only a few are in common use — such as the Legume, Drupe, 
Achene, Follicle, Caryopsis. Siliqua, Silioula, Capsule, Nut, 
Pome, Pepo, Berry, and Cone. This has arisen, partly from 
the same names having been given by different botanists to 
totally distinct kinds of fruits ; and partly from botanists in 
many cases preferring to describe a jiarticular fruit according to 
the special characters it presents. It is, however, much to be 
regretted that a comprehensive arrangement of accurately 
named and well-defined fruits should not be generally adopted, 
as it cannot be doubted that, if such were the case, it would be 
attended with much advantage, and save a good deal of unne- 
cessary description and repetition. 

Section 6. The Ovule and Seed. 

Having now described the nature, structure, and general 
characters of the gynoeciuin or unimpregnated pistil, and the fruit 
or mature pistil, we pass to the description of the Ovule and 
Seed. These bear the same relation to each other as regards 
their condition as the pistil does to the fruit, — that is to say, 
the ovule is an unimpregnated body, tlie seed an impregnated 
or fertilised ovule. 

1. THE OVULE. 

The ovule is a small, rounded or oval, pulpy body, borne by 
the placenta, and which when fertilised becomes the seed. It 
is either attached directly to the placenta, when it is said to 
be sessile (figs. 32, o, o, and 028, g ) ; or indirectly by a stalk 
called th e funiculus (figs. 610, ov, and 632), when it is described 
as stalked. The point of attachment of the ovule to the placenta 
if sessile, or to the funiculus when stalked, is termed the hilum. 
These terms are applied to the seed in the same sense as to the 
ovule. The ovule has been compared to a bud, and has been 
called the seed-lmd by Schleiden and others. 
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The ovules are commonly enclosed in an ovary (fig. 32), but 
all plants of the Conifene, Cycadaceae, and allied orders are 
exceptions to this ; thus in the Cycadacese they are situated 
on the margins of leaves in a peculiarly metamorphosed condi- 
tion, and in the Coniferse at the base of indurated bracts or 
open carpellary leaves (fig. 721, ov). Such ovules are therefore 
termed naked , and as the seeds of these plants are also naked, 
such plants are called Gymnospermous ; while those plants in 
which the ovules are distinctly enclosed in an ovary, are called 
Angiospermous. It should be noticed, however, that there are 
some plants in which the seeds become partially naked in the 
course of the development of the ovary into the fruit, as in the 
Mignonette ( fig. 6(10), Leontice , and Cnphea , in which cases they 
are sometimes termed seminnde. True Gymnospermous plants, 
or those in which the ovules are naked from their earliest forma- 
tion, should be carefully distinguished from those with seminude 
ovules, as the former character is always associated with important 
structural peculiarities in the plants themselves, as we have 
already noticed in treating of the stem and other organs. 

Other important differences will also be described hereafter, 
and more especially in the Physiological part of this volume, 
under the head of Reproduction of Gymnospermia. 

In,. 7?1. Fin. 722. 




Fin. 721. Bract or carpellary leaf, sc, of a species of Pinvs, bearing two naked 

ovules, ov, at its base rmc Micropj le Fi</. 722. Vertical section of the 

fruit of a species of Ruinex (Pofyyonacecr). p Enlaiged calvv surround- 
ing the fruit. The fruit contains a siuple erect orthotropous seed The 
position of the ovule in the ovary is also described as erect and ortho- 
tropous. The embryo is inverted or antitropous. 

Number and Position of the Ovules. — a. Number. — The 
number of ovules in the ovary, or in each of its cells, varies 
in different plants. Thus in the Polygonacese, Composite, Thy- 
melaceso, and Dipsacacese, the ovary contains but a solitary 
ovule ; in the Umbelliferce and Araliacea*, there is but one 
ovule in each cell. When there is more than one ovule in the 
ovary, or in each of its cells, the number may be either uni- 
form and easily counted, when the ovules are said to be definite , 
as in xEsculus (fig. 726), — and the ovary or cell is then described 
as biovulate , triovulate , quadriovulate, quinqueomdate, &c. ; or, 
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iTHE OVULES, 
the ovules may be very numerous, whe 
multiovulate or indefinite , as in the Viola () n they are said to be 
b. Position . — The position of the ovule^- 32, ov). 
cavity or cell in which they are placed is also lia with regard to the 
when there is but one ovule, this may arise at tMe to vary. Thus 
ovary or cell and be directed towards the summit, be bottom of the 
and Polygonaceae (fig. 722), when it is said to be en in Composite 
be inserted at the summit of the ovary and be turned ; or it mav 
as in Hippuns (fig. 723), in which case it is inverse oidownwards 

Fig. 723 . Fig. 724 . Fig. 725 . pendulous ; 



Fig. 723. Vertical section of the ovary of the Marc’s Tail (Hippuns cub 
gm is). o. Ovule, which is inverse or pendulous, and anatropous. s. Baso 

of the style. /. Funiculus, r. Raphe, r. Chalaza. Fig. 724. Vertical 

section of the ovary of the Pellitory ( Farietana officinalis), with a single 
ascending ovule. The letters have the same references as in the lust figure. 

Ftg. 725. Vertical section of the ovary of the 3VI ezereon (Daphne Mete- 

rmm), containing a solitary suspended ovule. The letters refer as betore. 
From Jussieu. Fig. 726. Vertical section of a cell of the ovary of a spe- 
cies of containing two ovules, o, o, one of which is ascending and 

the other suspended, m, m. The micropyle of the two ovules, s. Base of the 
style. From Jussieu. 

or if it is attached a little above the base, and directed ob- 
liquely upwards, as in Parietaria (fig. 724), it is ascending; or 
if, on the contrary, it arises a little below the summit, and is 
directed obliquely downwards, as in the Mezereon(^. 725) and 
Apricot, it is suspended ; or if from the side of the ovary, with- 
out turning upwards or downwards, as in Crassvla , it is hori- 
zontal or peltate. In some plants, as in Armeria (fig. 032), the 
ovule is suspended from the end of a long funiculus arising from 
the base of the ovary ; such an ovule is frequently termed reclinate. 

In the above cases the position of the ovule is in general 
constant, and hence this character is frequently of much impor- 
tance in distinguishing genera, and even natural orders. Thus, 
in the Composite the solitary ovule is always erect ; while in 
the allied orders, the Valerianacem and Dipsacaceai, it is sus- 
pended or pendulous ; — the two latter terms are frequently con- 
founded by botanists. In the Polygon aceae (fig . 722) the ovule 
is also always solitary and erect ; and in the Thyrnelaceee (fig. 
725 ) it is suspended. In other natural orders we find the posi- 
tion varying in different genera, although generally constant in 
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the same ; thus, in the Rosaceee, the genera Oenm , AlchemiUa , 
and others, have an ascending ovule, while those of Poterinm , 
Sa/ngnisorba, &c., have it suspended, and in Patent} (la both 
ascending and suspended ovules are found. In the Ranun- 
culacese also we find the ovule varying in like manner as regards 
its position. 

We will now consider the position of the ovules when their 
number is more than one. Thus when the ovary or cell has two 
ovules, these may be either placed side by side at the same level, 
and have the same direction, as in NnttaUia , when they are said 
to be collateral ; or they may be placed at different heights, and 
then they may either follow the same direction, when they are 
superposed , or one ovule maybe ascending ami the other suspended, 
.as in Esenins (jig. 72b). The position of the ovules in those cases 
Hr here they are in definite numbers, is also usually constant and 
h'flgular, and similar terms are employed ; but when the number 
:dfovules in the ovary or cell is indefinite, the relations are less 
nistftiit, and depend in a great measure upon the shape of the 
ill and the size of the placentas. Thus in the long ovaries 
9f many of the Leguminosto and Cruciferas (jig. 010), the 
fcvules are superposed, and by not crowding each other they 
Iwill all be turned in the same direction : wdiile, on the contrary, 
lif the ovules are numerous, and developed in a small space, they 
[will necessarily press against each other, and acquire irregular 
(forms and varying positions, according to the direction of the 
pressure. In describing these varying positions the same terms 
are used as those referred to w^hen speaking of the relations of 
the solitary ovule. These terms are also applied in the same sense 
to the relations of the seed in the pericarp. 

Development and Structure of the Ovule. — The ovule first 
appears on the pilacenta as a little roundish cellular projection, 
which gradually enlarges and ultimately acquires a more or less 
ovate or somewhat conical form, and is termed the nucleus 
\(fitj. 727). This nucleus is at first perfectly uniform in tex- 
ture and appearance, presenting no cavities except those of the 
ordinary parenchymatous cells of which it is composed, and 
having no integuments ; but as development proceeds a spe- 
cial cavity is formed at or near its apex (jig. 728, r), in wdiich 
the embryo or future plant is developed ; hence this cavity is 
called the embryo-sac. In rare cases, as in the Mistletoe, tw r o or 
three embryo-sacs are formed. This sac is produced by the 
special development of one of the cells lying near the centre of 
the nucleus, which as it continues to increase in size presses 
upon the surrounding parenchymatous cells, and thus occasions 
their more or less complete absorption. This sac sometimes 
causes the almost entire absorption of the nucleus, and even 
projects beyond it, either through the opening in its coats after- 
wards to be described, called the micropyle {jig. 731, m), or 
through its sides in various directions, by which one or more 
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saccate processes are formed. More usually, however, the 
tissue of the nucleus is not entirely absorbed, but a thin layer 
of cells is left coating, as it were, the embryo-sac. The sac 
contains at first an abundance of semifluid protoplasmic matter, 
in which, before impregnation takes place, two rounded or 
oval large nucleated cells are formed, which have been termed 
the germinal or embryonic vesicles. Different views are enter- 
tained of the structure of these germinal vesicles. Thus, by 
some they are regarded simply as masses of protoplasm in the 
midst of which is a nucleus ; while others believe that this proto- 
plasm and nucleus are surrounded by a cell-wall formed of cellu- 
lose, as will be afterwards fully explained when treating of the 
Reproduction of Angiospermia. Less frequently one or three of 
these cells make their appearance. Sometimes the germinal 
vesicles are considerably elongated, being attached to the wall 
of the embryo-sac by the narrower end, and projecting by their 
free rounded extremity into the cavity of the sac. 



Fio. 730. 



Fig. 727. Ovulo of the Mistletoe (Yixcum album), eon si sting 1 of a naked nu- 
cleus. Fig. 728. The same ovule cut vertically to show the embryo- 

sac, c, in the nucleus, n. Fig. 729. Ovule of the Walnut (Juglam regia). 

n. Projecting end of the nucleus. ,s. Coat covering the nucleus except at 

the foramen, end. Fig. 730. Ovule of a species of Polygonum. /. End 

of ovule where it is attached to the placenta, p. Primine. .*. Secundine. 
ex. Kxostome. t nd. Endostome. n. Projecting end of nucleus. 


Some ovules, as those of the Mistletoe (Jig. 7 28), consist 
simply of the nucleus, n, and embryo-sac, c, as above described, 
in which case the nucleus is termed naked ; but in almost all 
plants the nucleus becomes enclosed in one or two coats. Thus, 
in the Walnut there is but one, coat, which appears at first as 
a little circular process around its base ; this gradually increases 
in size, and by growing upwards ultimately forms a sheath or 
cellular coat to the nucleus, which it entirely closes except at 
the apex, where a small opening may be always observed (Jig. 
729, end). The coat thus formed, where there is but one, is called 
the integumentum simplex , 8, and the orifice, end, at the apex 
of the nucleus, n, is termed the micropyle or foramen. Besides 
the Walnut, there is only one coat formed in the Composite, 
Campanulaceee, Lobeliaceae, and some other orders. 

In most plants, however, the ovule has two coats, in which 
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is present in the ovule till after the process of fertilisation has 
taken place. Two kinds of aril have been described by St. Hilaire 
and Planch on, which have been respectively called the true 
arillus , and th e false a/riUus or arillode. These have an entirely 
different origin ; thus, the true arillua arises in a somewhat 
similar manner to the coats of the ovule already described (page 
320), that is to say, it makes its first appearance around the 
hilum in the form of an annular process derived from the placenta 
or funiculus, and gradually proceeds upwards, so as to produce 
a more or less complete additional covering to the seed, on the 
outside of the testa. This arillus is well seen in the Nymphmi 
{Jig. 746, A, a). But the false arillus or arillode arises from the 
micropyle, and seems to be a development or expansion of the 
exostome, which gradually extends itself over the testa to which 
it forms a covering, and after thus coating the seed, it maybe even 
bent back again so as to enclose the micropyle. The gradual 
development of the arillode in the seed of the Spindle-tree is 
well shown in Jig . 747. In the Nutmeg, the arillode forms a 

Fig. 747. 


12 3 4 



Fig. 747. Progressive development of the arillode in the seed of the Spindle- 
tree ( Euonymus ). a Arillode. /. Funiculus. 1. represents the }oungest 
seed ; 2. and 3. the progressive development of the arillode ; 4. the oldest 
and hilly developed seed. 

scarlet covering to the testa, which is commonly known in com- 
merce when dried and preserved under the name of mace. Ac - 
cording to Miers, the arillode in the Spindle-tree is produced 
from the funiculus and not from the exostome, in which case 
it would necessarily be an arillus and not an arillode as com- 
monly described. In practical botany both the true arillus and 
arillode are commonly designated under the general term of aril. 

Ca/runcules or Strophioles. — These are small irregular protu- 
berances which are found on various parts of the testa. They 
are always developed, like the arillus and arillode, subsequent 
to fertilisation, and are accordingly not found in the ovule. In 
the Milkwort {Jig. 748) they are situated at the base or hilum 
of the seed ; in the Asarabacca {jig. 749) and Violet on the side, 
in a line with the raphe ; while in the Spurge they are placed 
at the exostome. Some writers consider these caruncules as 
forms of the aril, of which they then distinguish four varieties. 
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namely : — 1. The true arillus , as in Nymphsea (Jig. 746, A, a) ; 

2. The arillode or micropylar arillus , as in Euonymus (jig. 747) ; 

3. The raphian arillus , as in Asarum (Jig. 749) ; and 4. The 
chalazal arillus , as in Epilobium (Jig. 750), where the tuft of 

Fig. 748. Fig. 750. 



Fig. 748. Ovate seed of Milkwort {Polygala), with a caruncule at its base 

or hilum. Fig. 749. Seed of Asarabacca {Asarum), with a caruncule on 

the side, which is called by some a raphian arillus. Fig. 750. Section 

of the comose seed of E /niobium. The tuft of hairy processes is some- 
times called a chalazal arillus. 

hairs at one end of the seed is regarded as an aril. Other 
writers again partially adopt these views, and define the carun- 
cules as little protuberances occurring upon the seed, but origin- 
ating independently of the funiculus or micropyle, so that the 
caruncules of Milkwort and Spurge, alluded to above, would 
be regarded as an arillus or arillode, acoording to their re- 
spective origins. Other botanists again, instead of using the 
two terms strophioles and caruncules as synonymous with each 
other, apply the former term only when the processes proceed 
from the hilum, and the latter to those coming from the micro- 
pyle. Altogether, there is a great difference of opinion among 
botanists, as to the application of the terms caruncules and stro- 
phioles ; but in this country they are more commonly under- 
stood in the sense in which we have first defined them. 

2. The Nucleus or Kernel (Jigs. 35, emb, alb y and 746, n). 
— The nucleus of the seed corresponds to the same portion of 
the ovule in a mature condition. In order to understand its 
structure, we must briefly narrate the changes which the 
nucleus of the ovule undergoes after the process of fertilisation 
has been effected. We have already stated, that at an early 
period before impregnation has taken place, a quantity of proto- 
plasmic matter of a semi-fluid nature is present in the embryo- 
sac. Very soon after fertilisation has been accomplished, fre- 
quently even before any change is apparent in the embryonic 
vesicle, a number of cells are produced by free cell-formation 
(see. Cell-development) in the layer of protoplasm lining the 
embryo-sac. These cells, which contain nutritive matters of 
various kinds, especially designed for the nourishment of the 
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embryo which is subsequently developed in the sac, are usually 
termed endosperm cells. The cells existing outside the embryc- 
sac, too, not infrequently become filled with starch and other 
nutritive material , forming what has been called 
the perisperm. (See below.) !ig. ol. 

The embryo, by absorbing the nourishment 
by w r hich it is surrounded, begins to enlarge, 
and in so doing presses upon the parenchymat- 
ous cells by which it is enclosed, and thus causes 
their absorption to a greater or less extent, ac- 
cording to the size to which it ultimately attains. 

In some cases, the embryo continues to develope 
until it ultimately produces the destruction, 
not only of the parenchymatous tissue within Action of thfiwi 
the embryo-sac, as w ell as the sac itself, but of the white Wa- 
also of that of the nucleus, and it then fills the 
whole interior of the seed, and is coated di- closed in the re" 
rectly by the integuments. But at other times of the em- 

the embryo does not develope to any such inland °on V1 the 

degree ; in which case it is separated from the outside of this 
integuments by a mass of parenchymatous tissue nmndlS^by tile" 
of varying thickness w r hich may be derived integuments. 1 
from that of the nucleus itself, or from both 
that of the nucleus and embryo-sac according to the extent to 
which the embryo has developed. To the tissue which thus 
remains and forms a solid mass round the embryo, the name of 
albumen has been commonly applied ; but as the nature of this 
substance is different from that called by chemists vegetable 
albumen, it is better designated as the perisperm or endosperm 


according to its origin as described above. 

Both endosperm and perisperm may be seen in the Nymphaza, 
{figs. 746 and 751). The general name of albumen will be alone 
employed in future in this volume, as it is the one best under- 
stood, and so long as we recollect its origin and nature, the 
adoption of such a name can lead to no confusion. From the 
above considerations it will be evident that the nucleus of the 


seed may either consist of the embryo alone, as in the Wall- 
flower, the Bean, the Pea (Jig. 737), which is alone essential to 
it ; or of the embryo enclosed in albumen, as in the Poppy 
(Jig. 765), Pansy (Jig. 764, al), Oat (Jig. 698, a), and Nymph&a 
(jiff- 751). Weha\e two parts, therefore, to describe as con- 
stituents of the nucleus, namely, the albumen and the embryo. 

a. Albumen , Endosperm, or Perisperm . — Those seeds which 
have the embryo surrounded by albumen are said to be allm - 
minous ; while those in which it is absent ar q exalbuminous. 
The amount of albumen will in all cases, as described above, be 
necessarily in inverse proportion to the size of the embryo. 

The cells of the albumen contain various substances, such aa 
starch, and oily matters, either separate or combined, and they 
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thus act as reservoirs of nutriment for the use of the embryo 
during the process of germination. The varying contents of the 
cells, together with certain differences in the consistence of their 
walls, cause the albumen to assume different appearances in ripe 
seeds, and thus frequently to afford good characteristic marks 
of different seeds. Thus, the albumen is described as mealy , 
starchy , or farinaceous , when its cells are filled with starch- 
granules, as in the Oat and other Cereal grains ; it is said to be 
fleshy , as in the Barberry and Heartsease, when its walls are 
soft and thick ; or when its cells contain oil-globules, as in the 
Poppy and Cocoa-nut, it is oily ; or when the cells are soft, and 
chiefly formed of mucilage, as in the Mallow, it is mucilaginous ; 
and when the cells are thickened by layers of a hardened nature, 
so that they become of a homy consistence, as in the seeds of 
the Vegetable Ivory Palm and Coffee plant, the albumen is 
described as horny. These different kinds of albumen are fre- 
quently more or less modiiied in different seeds by the admixture 
of one with the other. 

Generally speaking, the albumen also presents a uniform ap- 
pearance throughout, as in the seeds of the Vegetable Ivory 
Palm ; but at other times it is more or less separated into distinct 
compartments by the folding inwards of the endopleura as 
already described (see page 328). In the latter case the albumen is 
said to be ruminated , as in the Nutmeg and Betel-nut {fig. 752, y). 

Fio. 752. Fig. 753. 


Fig. 752. Vertical section of the 
fruit of the Betel-nut Palm 
( A rtca Catechu), c. Remains 
of perianth. /. Pericarp, p. 
Ruminated albumen of the seed. 

e. Embryo. Fig. 753. Embryo 

of the Lime-tree (Tilia europim). 
c, c. Cotyledons, each with five 
lobes arranged in a palmate 
manner, r. Radicle. 




b. The Embryo is the rudimentary plant, and is present in 
all seeds. The presence of a true embryo is the essential cha- 
racteristic of the seed of flowering plants ; for a spore, as the 
reproductive body of a flowerless plant is called, has no true 
embryo, but it merely consists of one or more cells, and never 
exhibits any distinction of parts until it begins to develope in 
the ordinaryprocess of vegetation, and then only in certain cases. 
The embryo being the rudimentary plant, it is necessarily the 
most important part of the seed, and it contains within itself, in 
an undeveloped state, all the essential parts of which a plant is 
ultimately composed. Thus we distinguish, as already noticed in 
the first chapter, three parts in the embryo ; namely, a raMcU> 
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plumule or gemmule , arid one or more cotyledons. These parts may- 
be readily recognised in many seeds ; thus in the embryo of the 
Lime (fig. 753), the lower portion, r, is the radicle or portion from 
which the root is developed ; the two expanded lobed bodies above, 
c , c, are the cotyledons ; and between these the plumule or gem- 
mule iB placed. In the Pea, again ( fig. 14), the two fleshy lobes, 
c, c, are the cotyledons, between which there is situated a little 
bud- like process, the upper part of which is the plumule, n, and 
the lower part, r, the radicle. These parts are 
still better observed when the embryo has begun Fig. 
to develope in the process of germination ; thus 
in fig. 16, which represents the French Bean in 
that condition, r is the radicle from which the 
roots are being given off below, the cotyledons 
are marked c f c , and the plumule is seen coming 
off from between the cotyledons, and forming 
a direct continuation of the axis from which the 
root is developed below. By some botanists, 
the point of union of the base of the plumule 
with the radicle and cotyledons is called the 
caulicule or tigelle ; this is generally a mere 
point, but at other times it forms a short stalk 
(figs. 14, t, and 737, t). Plants which thus possess 
two cotyledons in their embryo are called Di- 
cotyledonous. But there are plants in w'hicli, 
as already noticed, there is commonly but one 
cotyledon present (figs. 754, c, and 698, r), 
and which are, accordingly, termed Monocot y- 
ledonons. In rare instances, however, a mono- 
cotyledonous embryo has more than one coty- 754. Germinat- 
ledon, and then the second cotyledon alternates ^.^r^ Rootkts 
with the first, instead of being opposite to it, coming through 
as is invariably the case with the two cotyledons si>oathg,co. c.Coty- 
of Dicotyledonous plants. By the difference gtem. 9 ’ ° mg 
thus presented in the embryos of Flowering 
Plants, as already described in the first chapter, these plants are 
divided into two great classes, called respectively Dicotyledones 
and Monocotyledories. The spore of Flowerless Plants, having no 
true embryo, can have no cotyledon, and such plants are there- 
fore termed Acotyledonous. Hence we have primarily two great 
divisions in the Vegetable Kingdom, namely, the Votyledones and 
the Acotyledones ; trie former being again divided into the Mono- 
cotyledories and the Dicotyledones. The structure of the spore, 
and other characteristic peculiarities of the reproductive organs 
of the Acotyledones, will be described hereafter ; hence we have 
now therefore only to allude to the embryo of the Dicotyledones 
and the Monocotyledones, but before doing so we must say a few 
w r ords as to the development of the embryo. 

Development of the Embryo. — When the process of fertilisa- 
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tion has been effected, the embryo- sac, as already noticed, be- 
comes filled with a mass of loose cells developed from the pro- 
toplasm it contains (see page 330), and which are destined for 
the support of the erubryo. The embryo is thus furnished 
with materials necessary for its growth ; and in the greater 
number of instances commences an active development. But 
in a great many plants no change in the embryonic vesicle is 
observed till some time after the entrance of the pollen-tube 
into the embryo-sac. More especially is this the case with 
many trees, such as the Oak, Beech, and Elm, when a week or 
more may elapse before the changes which we are about to de- 
scribe take place. The embryo is not directly formed from the 
embryonic vesicle, but this latter, growing rapidly in the direc- 
tion of the long diameter of the embryo-sac, becomes adherent 
to the wall of the sac near the micropyle, and also divided by 
transverse partitions, so that a string of cells of varying length 
is formed, known as the pro-embryo or suspensor. The term- 
inal cell of this body continues to increase in size by the process 
of cell-division, and soon forms a little rounded or somewhat 
oval cellular body at the end of the suspensor (Jig. 755, 1). 

This cellular body continuing its growth 
soon begins to alter in shape, and assume 
that of the embryo, of which it is the 
early stage ; thus, the upper extremity in 
contact with the suspensor, tapers some- 
what and forms the radicle, while the 
lower extremity gradually becomes di- 
vided into lobes, which, by increasing in 
growth, form the cotyledons. These dif- 
ferent stages in the development of the 
dicotyledonous embryo are diagrammati- 
cally illustrated m Jig. 755, 1, 2, 3, 4. 
During this gradual enlargement of the 
embryo the suspensor dies away, and 
from the axil of the cotyledons the plumule is subsequently 
developed. The formation of the monocotyledonous embryo is 
essentially the same, except that the lower end remains undivided. 
From this mode of development of the parts of the embryo, it 
must necessarily follow that the radicle is pointed towards the 
apex of the nucleus or micropyle (Jig. 770, r), and the cotyle- 
donary portion towards the opposite extremity or chalaza , ch. 

There are some natural orders which offer an exception to 
the above process of development. Thus in the Orchidaceae, 
Orobanchacese, and Balanophoracese, the radicle and cotyledons 
are never clearly distinct from each other, but the embryo 
appears to be arrested at one of the early stages of its develop- 
ment. 

It sometimes happens that more than one embryo is developed 
in a seed. This is very commonly the case in the Orange and 


Fig. 755. 



Fig. 755. Diagrams showing 
the progressive develop- 
ment of a dicotyledonous 
embryo. 1. Eailie^t stage. 
2, fl. Successive stages of 
progression. 4. Most de- 
veloped stage. 
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Mistletoe, and it is a constant character in Gymnospermous 
Plants (see Reproduction of Gymnospermia). Of these em- 
bryos, only one usually becomes perfectly developed. Plants 
thus producing more than one embryo are said to be polyembry - 
o me. With these remarks upon the development of the embryo 
generally, we now proceed to the description of that of Mono- 
cotyledonous and Dicotyledonous plants. 

(a) The Monocotyledonous Embryo . — The parts of the mono- 
cotyledonous embryo are, in general, by no means so apparent 
as those of the dicotyledonous. Thus the embryo at first sight 
externally, usually appears to be a solid undi- 
vided body of a cylindrical or somewhat club- 
shaped form, as in Triglochin (Jig. 757) ; but 
if this be more carefully examined, a little slit, 

/, or chink, will be observed on one side near 
the base ; and if a vertical section be made 
parallel to this slit, a small conical projection 
will be noticed, which corresponds to the 
plumule : and now, by making a horizontal 
section, the cotyledon will be noticed to be 
folded round the plumule, which it had thus 
almost entirely removed from view, only leav- 
ing a little slit corresponding to the union of 
the margins of the cotyledon ; and which slit 
thus became an external indication of the pre- 
sence of the plumule. In fact, the position of 
the cotyledon thus rolled round the plumule, 
is analogous to the sheaths of the leaves in 
most Monocotyledonous plants, which thus, in 
a similar manner, enclose the young growing 
parts of the stem. 

In other monocotyledonous embryos the 
different parts are more manifest ; thus, in 
many Grasses, as, for instance, the Oat (fig. 

698), the cotyledon, c, only partially encloses 
the plumule, </, and radicle, r ; and thus these 
parts may be readily observed in a hollow space on its surface 
(fig. 697). 

We have already stated (page 333) that a monocotyledonous 
embryo has occasionally more than one cotyledon, in which case 
the cotyledons are always alternate, and hence such embryos 
are readily distinguished from those of Dicotyledonous plants, 
where the cotyledons are always opposite to each other if 
there are but two, or whorled (fig. 762, c) when they are more 
numerous. 

The inferior extremity of the radicle is usually rounded (fig. 
757, r), and it is through this point that the roots, r, burst 
in germination ( fig. 754). The radicle is usually much shorter 
than the cotyledon, and generally thicker and denser in its 


Fig. 75fi. Fig. 757. 



Fin. 756. Vertical 
section of a mature 
carpel of a species 
of Triglochin. p. 
Eerioarp. s. Stigma. 
<j. Seed. r. Raphe. 
/.Funiculus. c. Oha- 
laza. — Fiq. 757. Em- 
bryo of Triglochin. 
r. Radicle. /. Slit 
corresponding to 
the plumule. 
Cotyledon. From 
Jussieu. 
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nature ; but in some embryos it is as long, or even longer, in 
which case the embryo iB called macropodous. 

' (b) The Dicotyledonous Embryo . — These embryos vary very 
much in form : most frequently they are more or less oval, as in 
the Bean and Almond (Jig. 758), where the embryo consists of 
two nearly equal cotyledons, c, between which is enclosed a small 
axis, the upper part of which, g, is theplumule, and the lower, r, 
the radicle. This point of union, or space between the radicle 
and cotyledons, is called the caulicule or tigelle , t ; this upon 
germination appears as a little stalk (Jig. 10, t), supporting 
the cotyledons. 

In by far the majority of cases the two cotyledons are nearly 
of equal size, as in the Pea (Jig. 14, c, c) ; but in some embryos, 


Fig. 758. Fig. 761. 



Fiq. 738 The embryo of the Almond (Amvqdalui communis) from vludi 
one of the cotyledons has be< n removed, c The cotyledon which has 
been left. r. Radicle, q Plumule, t Tigtllc or caulicule. Scar 

left bj the removal of the other cotyledon. Fig. 759. A ertieal section 

of the embryo of a species of Hiueo. c‘ Large cotyledon c. bmall 

cotjledon. g. Plumule r. Radicle.- Fig 760. Vertical section of the 

embrjoof Cat a i>a gunmen ns. * howmg the almost complete union of the 

cotyledon?, the line, c, only dividing them. r. Radicle, q. Plumule 

Fta 761. The embryo of Pekea buty/osu. t Large tigelle. c. Rudimentary 
cotj ledons. 

as in Trapa, some II ir seas, Ac. (Jig. 759, c', c), they are very un- 
equal. Again, while the cotyledons usually form the greater 
part of the embryo (Jig. 14, c, r) ; in other instances, as in Peke a 
bntyrosa (Jig. 761, c), they form but a small portion. In Carapa 
(Jig. 760), again, the two cotyledons become united more or less 
completely into one body, so that the embryo appears to be mono- 
cotyledonous ; but its nature is readily ascertained by its diffe- 
rent position of the plumule in the two cases ; thus, in the mono- 
cotyledonous embryo the plumule is situated just below the 
surface (Jig. 698, g) ; but here (Jig. 760), the plumule, g, is in the 
axis of the cotyledons. 

The cotyledons are sometimes altogether absent, as in Cumita. 
At other tunes their number is increased, and this may either 
occur as an irregular character, or as a regular condition, as in 
many Coniferte (Jig. 762, c), where we frequently find six, nine, 
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case we observe two circular or annular processes around the 
base of the nucleus, the inner one being first developed ; these 
processes continue to grow upwards as before described, until 
they also ultimately form two sheaths or coats, which entirely 
enclose the nucleus except at its apex (fig. 730). The inner 
coat is at first seen to project beyond the outer, but the latter 
ultimately reaches and encloses it. The inner coat is usually 
termed the secnndine , s , and the outer th eprimine, p ; but other 
botanists, following the order of development of the coats, term 
the inner coat the primine , and the outer the secundine, , thus 
reversing the order of names as above mentioned. The orifice 
left at the apex of the nucleus, as in the former instance where 
only one coat is present, is called the foramen or micropyle. The 
openings in the two coats commonly correspond to each other, 
but it is sometimes found convenient to distinguish them by 
distinct names ; thus, that of the outer is called the exostome 
(fig. 730, ex), that of the inner, endobiome, end. 

The nucleus and its coat or coats are intimately connected at 
one point by a cellulo-vascular cord or layer, called the chalaza 
(figs. 731, ch, and 732, ch) ; but at the other parts of the ovule 
tliey are more or less distinct. This chalaza is the point where 
the vessels pass from the placenta, or when the ovule is stalked 
from the funiculus, into the ovule, for the purpose of affording 
nourishment to it ; it is generally indicated by being coloured, 
and of a denser texture than the tissue by which it is surrounded. 
The chalaza is by some considered as the organic base of the 
ovule, and the micropyle as the organic apex ; but it is better to 
speak of the liilum as the organic base of the ovule, and the 
chalaza as the base of the nucleus. Through the micropyle the 
influence of the pollen is conveyed to the embryo-sac, as will be 
hereafter fully described. 

The development and structure of the ovules as described 
above refer only to those of Angiospermous plants ; those of the 
Gymnospermia present some very striking differences, which will 
be described hereafter, when speaking of their reproduction. 

Relation of the Hilum, Chalaza, and Micropyle to each 
other. — When an ovule is first developed, the point of union of 
its coats and nucleus, called the chalaza, is at the base or hilum, 
close to the placenta or funiculus ; in which case a straight 
line would pass from the micropyle through the axis of the 
nucleus and its coatr to the hilum. In rare instances this rela- 
tion of parts is preserved throughout its development, as in the 
Polygonaceae (fig. 731) ; when the ovule is termed orthotropms 
or atropous. In such an ovule, therefore, the micropyle, m, 
would be situated at its geometrical apex, or at the end farthest 
removed from the hilum, in which case the organic apex would 
correspond with the geometrical apex ; while the chalaza, ch, 
would be placed at the base of the ovule or hilum. 

It generally happens, however, that the ovule, instead of 

Y 
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being straight as in the above instance, becomes more or less 
curved, or even altogether inverted. Thus in the Wallflower 
{fig, 732), and other plants of the order to which it belongs, as 
well as in the Caryophyllaceae and many other plants, the apex of 
the ovule becomes gradually turned downwards towards its base, 
and is ultimately placed close to it, so that the whole ovule is bent 



Fig. 732. 



Fiq. 731. Vertical section of the orthotropous ovule of Polygonum, ch. 
Chalaza. pi im. Primine. src. Seeundme. n Nucleus. .<t. Embryo-sac. 

m. Micropyle. Fig. 732 Vertical section of a campylotropous ovule 

of Wallflower. /. Funiculus, ch. Chalaza. p. Pnmiiie. s. Seeundme. 
«. Nucleus, mic. Micropyle. 


upon itself, and a line drawn from ihe micropyle, mic, through 
the axis of the nucleus, n , and its coats, would describe a curve ; 
hence such ovules are called campylotropous or curved. In these 
ovules, the chalaza, ch , and hilum correspond as in orthotropous 
ones, but the micropyle, mic, instead of being at the geometrical 
apex of the ovule, is brought down close to the hilum or base. 


Fig. 733. 



Fig. 733. The campylotropous ovule of the Mallow in its different stages of 
development. From Maout. In a the curvature is commencing, in b it 
is more evident, in c still more evident, and in d it is completed, f. Funi- 
culus. p. Primine. s. Secundine. n. End of nucleus, ex. Exostome. 
end. Kndostomc. 

The progressive development of the campylotropous ovule is well 
seen in the Mallow, as represented in fig. 733, a , b , c, d. This 
kind of ovule appears to be formed by one side developing more 
extensively than the other, by which the micropyle is pushed 
round to the base. 

In a third class of ovules the relative positions of parts is 
exactly the reverse of that of orthotropous ones — hence such 
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are called anatropcms or inverted ovules. This arises from an 
excessive development of the coats of the ovule on one side, by 
which the chalaza {fig. 734, eh) is removed from the hilum, A, to 
the geometrical apex of the ovale ; the micropyle,/, being at the 
same time turned towards the hilum, h . In anatropous ovules 
a connection is always maintained between the chalaza and the 
hilum by means of a vascular cord or ridge called the raphe 
(fig. 734, r), which is generally considered as an elongated 
funiculus adherent to the ovule. This raphe or cord of 
nutritive vessels passing from the placenta or funiculus, and 
which by its expansion forms the chalaza, is generally situated 
in anatropous ovules on the side which is turned towards the pla- 
centa or funiculus. Anatropous ovules are very common ; examples 
may be found in the Dandelion (fig. 734), Apple, and Cucumber. 


Fig. 734. Fig. 735. Fig. 736. 



Fiq. 734. Vertical section of the anatropous ovule of the Dandelion. /». 
Hilum. /. Micropyle or foramen, n. Nucleus, s Base of the nucleus. 

ch. Chalaza r. Baplie. Fig. 735. Longitudinal section of the semi- 

anatropous ovule of Meconosttgrmi pinnatifidum. f. Funiculus, w. Nucleus. 
p. Primine. sec. Secundine. s. Embr\o- c ac. ih. Chalaza. r. Raphe. 

m. Micropyle. Fig. 736. Section of the amphitropous or transverse 

ovule of Lem.na tnsulca , divided longitudinally. The letters have the 
same references as the last. From Sclikiden. 

The three kinds of ovules mentioned above are those only 
which are commonly distinguished by special names ; but there 
are two others, which appear to be but slight modifications of 
the anatropous ovule, to which the names of awphitropons and 
semi-ancitiopous have been respectively given. The amphitro- 
pous, or, as it is also called, heterotropons or transverse ovule, is 
produced when the hilum, /, is one side of the ovule, and the 
micropyle, m, and chalaza, ch, placed transversely to it (fig. 
730). In this case the hilum is connected to the chalaza by a 
short raphe, r. In the i>emi-anatroj)ons ovule the relative posi- 
tion of the parts is the same (fig. 735), but the funiculus, /, 
is here parallel to the ovule, instead of being at right angles 
to it. 

The further development of the ovule will be described here- 
after under the head of Reproduction of Phanerogamous Plants. 

Y 2 
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2. THE SEED. 

Nature and General Characters of the Seed as com- 
pared with the Ovule. — The seed is the fertilised ovule. 
Like the ovule, it is either attached directly to the placenta, in 
which case it is described as sessile, or by means of a stalk, called 
the funiculus {figs. 663, f and 737, /), 
when it is said to be stalked ; its point of 
attachment is also termed the hilum. The 
position of this hilum may be commonly 
seen on seeds which have separated from 
the funiculus or placenta, by the presence 
of a scar, or in a difference of colour to 
the surrounding integument. The hilum 
varies much in size, being sometimes very 
minute, while in other cases it extends for 
some distance over the surface of the in- 
teguments, as in the Horsechestnut and 
Calabar Bean. The centre of the hilum, 
through which the nourishing vessels pass, 
has been called the omphalodinm. The 
hilum, as in the ovule, indicates the base 
of the seed, while the apex is represent- 
ed by the chalaza. This chalaza (fig. 
737, ch) is generally more evident in 
the seed than in the ovule, and is fre- 
quently of a different colour. It is well 
seen in the Orange, and commonly in all 
anatropous seeds, in which case also the 
raphe may be generally noticed forming a projection on the face 
of the seed. 

The micropyle also, although smaller and less distinct than 
in the ovule, owing to a contraction of the surrounding parts, 
may be sometimes observed on the seed (fig. 737, m) ; its de- 
tection is of some practical importance, as the radicle, r , of 
the embryo, with a few exceptions, is directed towards it. 
It should be noticed that while the micropyle constitutes the 
organic apex of the ovule, the chalaza indicates that of the seed. 

The terms orthotropous, campy lotropous, anatropous, &c., 
are applied to seeds in the same sense as to ovules ; consequently 
the hilum, chalaza, and micropyle have the same relations to 
each other in the seed as in the ovule. Thus the hilum and 
chalaza are contiguous to each other in an orthotropous seed, 
and the micropyle is removed to the opposite end ; in a campy- 
lotropous seed the hilum and chalaza are also near to each 
other, and the micropyle is brought round so as to approach the 
hilum ; in an anatropous seed the chalaza is removed from the 
hilum and placed at the opposite end, while the micropyle and 


Fig. 737. 



Fig. 73 7. The seed of a 
Pea, with its integu- 
ments removed on one 
side. pi. Placenta, f. 
tumculns. rap. Raphe. 
ch. Chalaza. m. Micro- 
pyle. te . Testa or epi- 
spenn. e. Endnpleura. 
The part w iti in t »e 
cndopleura is the nu- 
cleus of the seed, and 
is formed of cot\ lo- 
dons, gemmule or 
plumule, g, radicle, r, 
and t stalk or tijyelle 
between the plumule 
and radicle. 
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hilum correspond to each other ; while in amphitropons and 
semi-anatropous seeds, the chalaza and micropyle are both re- 
moved from the hilum, and placed transversely to it. 

Almost all seeds, like ovules, are more or less enclosed in an 
ovary, the only real exceptions to this law being in Gymnosper- 
mous plants, as already referred to (page 317) under the head of 
the Ovule ; and hence the division of Phanerogamous plants, as 
already noticed, into the Gymnospermia and the Angiospermia. 
The means of distinguishing small fruits from seeds have been 
also already described. (See page 287.) 

In describing the position of the seed in the ovary, the same 
terms are used as already mentioned (page 318) under the head 
of the Ovule. Tlius a seed may be erect , inverse, pendulous, sus- 
pended, ascending, &c. The number of seeds contained in the 
fruit or pericarp is also subject to variation, and corresponding 
terms are employed accordingly ; thus we say the fruit or pericarp 
is monospermous, bisperm mis, trisperrnons, quadrispemums, quin- 
quespermous, multispermous, <fcc., or one-seeded, two-seeded, three- 
seeded, four-seeded, jive- seeded, many-seeded, &c. 

Form of the Seed. — The seed varies much in form, and, 
in describing these variations, similar terms are employed to 
those used in like modifications of the other organs of the plant. 
Thus, a seed may be rounded, as in the Nasturtium (fig. 738) ; 
ovate, as in Polygala (fig. 748) ; oval, as in Asclepius (fig. 744) ; 
obovate, as in Delphinium (fig. 741); reniform, as in Papaver 
(fig. 739), &c. &c. 

Fig. 738. Fig. 739. Fig. 740. Fig. 741. 



Fig. 738. Rounded seed of the Watercress (Nasturtium officinale). The 

testa is reticulated or netted. Fig. 739. Kenitorm seed of the Poppy 

( Pnpavt r ), with an alveolate or pitted testa. Fig. 740. Obovate seed of 

the Larkspur ( Delphinium ), the testa of which is marked with ridges and 

furrows. Fig. 741. Seed of Chickweed (Stellana), the testa of which is 

tuberculated. 

Having now alluded to those characters, &c. , which the seed 
possesses in common with the ovule, we pass to the considera- 
tion of its special characteristics. 

Structure of the Seed.— The seed consists essentially of 
two parts ; namely, of a Nucleus or Kernel (figs. 85, emb, alb , 
and 746, n), and integuments (figs. 35, int, and 746, t). 

1. The Integuments. — There are usually two seed-coats or 
integuments. These have been variously named by botanists ; 
the terms employed in this volume, and those most frequently 
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used, are testa or epispei'm for the outer coat ; tegmen or endo- 
pleura for the inner ; and spermoderm for the two when spoken 
of collectively. But some writers use the word testa in a gene- 
ral sense for the two integuments, and call the external one 
spermoderm. Other botanists, again, describe a third integu 
ment under the name of sarcodei'm ; but this layer is commonly 
and more accurately considered as but a portion of the outer 
integument, in which sense we understand it here. 

a. Testa , episperm , or outer integument {Jig. 737, te). — This 
integument may be either formed of the primine of the ovule 
only, or, as is more frequently the case, by the combined pri- 
mine and secundine. The testa is generally composed of ordi- 
nary parenchymatous cells ; but in some seeds, as in those of 
Acanthodium , we have in addition a coating of hair-like cells 
containing spiral fibres (see page 62). These cells are pressed 
closely to the surface of the seed by a layer of mucilage ; hence 
if such seeds be moistened with water, the mucilage which 
confines them becomes dissolved, by which they are set free, 
and then branch out in every direction. It frequently happens, 
also, that the membrane of the cells is ruptured, and the elastic 
fibres which they contain then becoming uncoiled, extend to a 
considerable distance from the testa. The seeds of Collomia (see 
page 42), and many other Polemoniaceous plants, &c., exhibit 
this curious structure, and form beautiful microscopic objects. 

Colour , Texture , and Surface of the Testa. — In colour, the testa 
is more generally of a brown or somewhat similar hue, as in the 
Almond, but it frequently assumes other colours ; thus, in some 
Poppies it is whitish, in others, black, in Indian Shot ( Canna ) 
and Paeony also somewhat black, in the Arnatto and Barricarri 
( A<knanthera ) red, in French Beans and the seeds of the Castor 
Oil plant beautifully mottled, and various other tints may be 
observed in the seeds of different plants. 

The testa also varies in texture, being either of a soft nature, 
or fleshy and succulent, or more or less spongy, or membranous, 
or coriaceous, or when the interior of its cell-w r alls is much thick- 
ened, it assumes various degrees of hardness, and may become 
woody, crustaceous, &c. 

The surface of the testa also presents various appearances, 
and is often furnished with different appendages. Thus it may 
be smooth, as in Adenanthera ; or wrinkled, as in Nigella ; 
striated, as in Tobacco ; marked with ridges and furrows, as 
in Delphinium (Jig. 740) ; netted, as in Nasturtium (Jig. 738) ; 
alveolate or pitted, as in the Poppy (Jig. 739) ; tuberculated, as 
in Chickweed (Jig. 741) ; spiny, as in the Mulberry, &c. The 
testa of some seeds is also furnished with hairs, which may 
either cover the entire surface, as in various species of Gossvpium 
where they constitute the material of so much value called Cot- 
ton (see page 64), and in the Silk-cotton tree (Bombax) ; or they 
may be confined to certain points of the surface, as in the Willow 
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{fig. 745), Asclepias (fig . 744), Apocynum, and Epilobiuw (fig. 
750) ; in the latter cases the tufts of hairs thus confined to 
certain points of the testa, constitute what is called a coma, and 
the seed is said to be covnose. 


Fig. 742 . 



Fig. 743 . Fig. 744 . Fig. 745 . 



rig. 742 Rood of a species of Pmm % with a winged ap- 
pend# g( , ic. Fig 713. Margmate or bordered seed of 

Randwoit ( Armnna ). Ftq 744. Comose oval sted 

ot As(((pia<t Fig. 745. Comose seed of a species of 

Willow (bahx). 


Other seeds, again, have winged appendages of various kinds ; 
thus, in the Sandwort (fig. 743), the testa is prolonged, so as to 
form a winged margin to the seed, w^hich is then described as 
marginate or bordered ; whde in the seeds of the Finns (fig. 742, 
w), Catalpa , Bignonia , Sicietenia , Mw'inga , &c., the testa forms 
wings, and the seed is said to be winged. These winged seeds 
must be carefully distinguished from samaroid fruits, such as 
the Ash, Elm, and Maple (fig. 699), where the wing is an 
e.\ pansion of the pericarp instead of the testa. In like manner, 
hairy seeds should not be confounded with pappose fruits, such 
as those of the Composite, Dipsacacem (fig. 463), and Valerian- 
acese (fig. 462), where the hairy expansions belong to the calyx. 

Beneath the testa, in anatropous seeds, and the modifications 
of these termed homotropous, and semi-anatropous (see figs. 757, 
rap , 746, n, and 756, /*), the raphe or vascular cord connecting 
the liilum with the chalaza is found. Its situation is frequently 
indicated by a projecting ridge oil the surface of the seed, as in 
the Orange, while at other times it lies in a furrow formed in 
the substance of th j testa, so that the surface of the seed is 
smooth, and no evidence is afforded externally of its position. 

The testa is also usually marked externally by a scar indi- 
cating the hilum or point by which it is attached to the funi- 
culus or placenta. The micro pyle, as already noticed (page 324), 
may be also sometimes seen on the surface of the testa, as in the 
Pea (fig. 737, m), but in those cases where no micropyle can be 
detected externally, its position can only be ascertained by dissec- 
tion, when it will be indicated by the termination of the radicle ; 
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this being directed, as already alluded to (page 324), towards the 
micropyle. In some seeds, as in the Asparagus, the situation of 
the micropyle is marked by a small hardened point, which sepa- 
rates like a little lid at the period of germination ; this has been 

termed the embryotegia. 

On removing the tes- 
ta, we observe the raphe, 
which frequently ramifies 
over the inner coat, and 
where it terminates, it 
constitutes the chalaza 
{figs. 740, ch y and 764, ch). 
The structure and gene- 
ral appearances of these 
different parts have been 
already described. (See 
page 324.) 

b. Tegmen, endopleura , 
or internal membrane (fig. 
737, e). — The inner mem- 
brane or coat of the seed is essentially parenchymatous like the 
outer. This integument may be either formed from the layer of 
cells coating (page 320) the embryo-sac, as is usually the case ; or 
of the latter combined with the sac itself ; or, in some instances, 
it appears to arise from the secundine of -the ovule. This coat 
seems at times to be altogether wanting, which probably arises 
from its complete incorporation or adherence to the testa. 
Sometimes the embryo-sac in the ripe seed remains distinct 
from the albumen of the nucleus (fig. 751), and remains in the 
form of a bag or sac which envelopes the embryo, as in the 
Nymphajacete, Piperacese, and Zingiberacese. To this distinct 
membrane the name of vitellus has been given. 

The endopleura is generally of a soft and delicate nature, al- 
though sometimes it is of a fleshy character either entirely or in 
part. It is usually of a whitish colour, and more or less trans- 
parent. This layer is closely applied to the nucleus of the seed, 
which it accompanies in all its foldings and windings ; and in 
some cases even dips down into the albumen of the nucleus, and 
thus divides it more or less completely into a number of parts, as 
in the Nutmeg and Betel-nut (fig. 752, p). (tfee Albumen, page 
332.) The testa may either accompany the endopleura in its 
windings ; or, as more frequently happens, especially when the 
nucleus is curved, the endopleura only follows the windings of 
the nucleus, the testa remaining in an almost even condition. 

AriUm . — Besides the two integuments described above, as 
those that are usually found in all seeds, we occasionally find on 
the surface of some seeds an additional integument, which is 
generally of a partial nature (fig. 746, a, a), and to which the 
name of arUlus or, aril has been given. No trace of this structure 


Fig. 746. 



j Fig. 746. Young ana- 
cropous seed of the 
Waite Water-Lily 
( Nymphcea alba ) cut 
vertically, f. Funi- 
culus. A, A. Arillus. 
t. Integuments of the 
seed. jj. Nucleus n. 
Raphe, ch. Chalaza. 
m. Micropyle. s. Em- 
bryo-sac. e. Rudi- 
mentary embryo. 
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or even fifteen cotyledons ; hence such embryos have been 
termed polycotyledonous. It seems, however, that this appear- 
ance of a larger number of cotyledons than is usual in Dicotyle- 
donous plants, arises from the normal number becoming divided 
down to their base into segments. In all cases where the number 
of cotyledons is thus increased, they are arranged in a whorl 
(Jig. 702, c). 

The cotyledons are usually 
thick and fleshy, as those of the 
Bean and Almond (Jig. 758), in 
which case they are termed Jleshy ; 
at other times they are thin and 
leaf-like,asintheLime(/igr. 753 cc), 
when they are said to be fuliace- 
ous. The foliaeoous cotyledons are 
frequently provided with veins, 
and stomata may be also some- 
times observed on their epidermis : 
but these structures are rarely to 
be found in fleshy cotyledons. 

Fleshy cotyledons serve a similar 
purpose to the albumen, by acting 
as reservoirs of nutritious matters 
for the use of the young plant during germination ; hence, when 
the albumen is absent, the cotyledons are generally proportion- 
ately increased in size. 

The cotyledons are commonly sessile, and their margins are 
usually entire, but exceptions occur to both these characters ; 
thus, in Geranium molle ( Jig . 7(>3, p), they arepetiolate ; while in 
the Lime (Jig. 753, c, c) they are distinctly lobed ; and in the 
Geranium ( fig . 703, c), they are also somewhat divided at their 
margins. 

The cotyledons also vary in their relative positions to each 
other. Generally they are placed parallel, or face to face, as in 
the Almond (Jig. 758), Pea (Jig. 14), and Bean ; but they fre- 
quently depart widely from such a relation, and assume others 
analogous to those already described in speaking of the verna- 
tion of leaves and the {estivation of the floral envelopes. Thus 
each of the cotyledons may be either reclinate , condn plicate, con- 
volute, or circinate. These are the commoner conditions, and 
in such instances botn cotyledons are either folded or rolled in 
the same direction, so that they appear to form but one body ; 
or in rare cases they are folded in opposite directions, and become 
equitant or obvolute ; or other still more complicated arrange- 
ments may occur. 

The position of the radicle in relation to the cotyledons is 
also liable to much variation. Thus the radicle may follow 
the same direction as the cotyledons, or a different one- In the 
former case, if the embryo be straight, the radicle will be more 

z 


Fig. 702. Fig. 703. 



polycntyledonou* em- 
! bryo of a apooies of 

{ 1 Pooh beginning to 

] germinate, c. Potyle- 

1 don>. r. Radicle. (. 

\ Tigelle. Fig. 763 . 

\\ Tnc embryo of (Out- 

A mum molle. c Cot>- 

» leiions, each of which 

\ i" somewhat lobed. 

N and furnished with a 

peti >le, p. r. Radicle. 
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or less continuous in a straight line with the cotyledons, as in 
tjie Pansy {Jig. 764, r) ; if, on the contrary, the embryo is curved, 
the radicle will be curved also (Jig. 765), and sometimes the 
curvature is so great that a spiral is formed, as in Bunins (Jig. 
766). In the latter case, where the direction of the cotyledons 
and radicle is different, the latter may form an acute, obtuse, or 
right angle to them ; or be folded back to such an extent as to 
lie parallel to the cotyledons, in which case the radicle may be 
either applied to their margins, as in the Wallflower (Jig. 768, r), 
when the cotyledons are said to be aeeumbent ; or against the 
back of one of them, as in Isatis (Jig. 767, r), when the cotyledons 
are incumbent. These terms are chieflv used in reference to 
Cruciferous plants (see Cruciferm), which are best arranged 
according to the manner in which the different parts of the 
embryo are folded, and their relative positions to each other. 

Fir.. 707. Fro. 708. 



Fig. 761. Vertical se*tion of tlie seed of the Pansv. h. Hilum. pi. Fmbryo 
with its radicle, r, and cotyledons, co. eh. Chalaza. at. Album* n. ra. 

Raphe. Fig. 765 Vortical section of the seed of tb<* Poppy, with th" 

embryo slightly curved m the avis of albumen. Fig. 766. Vertical 

section of the seed of Buniai, showing its spiral embryo. Fig. 767. 

Embrvo of the Woad (Ivitis Unrtorm). 1. Undivided. 2. Horizontal 
Rcction r. Cotyledons, r. Italiole. Fig. 768. Embryo of the Wall- 
flower. 1. Undivided. 2. Horizontal section, r. ltadicle. c. Coty- 
ledons. 

Having now described the general characters of the monoco- 
tyledonous and dicotyledonous embryo, we have, in the last 
place, to allude briefly to the relation which the embryo itself 
bears to the other parts of the seed, and to the pericarp or cell 
in which it is placed. 

Relation of the Em } mjo to the other Parts of the Seed, and to the 
Fruit . — In the first place with regard to the albumen. It must 
necessarily happen that when the albumen is present, the size 
of the embryo will be in the inverse proportion to it ; thus in 
Grasses (Jig. 698) we have a large deposit of albumen and but a 
small embryo, while in the Nettle (Jig. 769) the embryo is large 
and the albumen very small. The embryo may be either external 
to tbe albumen (Jig*. 698 and 772), and thus in contact with the in- 
teguments, as in Grasses, in which case it is described as external ; 
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or it may be surrounded by the albumen on all sides, except on 
its radicular extremity, as in the Pansy (Jig. 764), when it is 
internal. Sometimes the end of the radicle, as in the Con if era*, 
becomes united to the albumen, and can no longer be distin- 
guished. 

The embryo is said to be axile or axial when it has the same 
direction as the axis of the seed, as in Heartsease (Jig. 764, pi); 
or when this condition is not complied with, it is aba, rile or 
eccentric , as in Rumex(fig. 770, pi). In the latter case, the embryo 
is frequently altogether on the outside of the albumen, and 
directly below the integuments, as in MirabihsJalapa (Jig. 771, e) 
and Lychnis (Jig. 772, emb ), when it is described as peripherical. 


Fm. 770. 



Fig. 7G9. Vertical section of tlio achtenimn of the Nettle, containing a 
single seed. t. IntogmnenN of tl &eod. />/. Placenta, r. Radicle, s /. 

Stigma. Fig. 770. Witicil section of the fruit of the Dock ( Ramex ). 

oo. Pericarp, mic. Micro])) lc. ph limbi vo towards one side of the albu- 
men, alb. ch. Chalaza. r. Radii h*.- Fig. 771. Vertical section of the 

carpel of Mirabihs Jala pa, containing one seed. a. Pericarp, s Style. 

(. Peripherical embtjo with it> rudiclt,r, and cotyledons, <. p. Albn- 

rm*n t. Tntegnments of th<* seed. Fig. 772. Vertical section of the seed 

of Lychnis dwica. ti. Inti gumonts. emb. Embiyoon the outside of the 
fu burner), alb. 

We have already observed, that the radicle is turned towards 
the micropyle (Jig. 770, r), in which case it is said to be homo- 
blasticy and the cotyle lonary extremity to the chalaza, ch. Some 
apparent exceptions to these relative positions occur in the 
Euphorbiacete, and a few other plants, when the radicle is de- 
scribed as cnantioblatfic ; but such are merely accidental devia- 
tions arising from certain trifling irregularities in the course oi 
the development of the parts of the seed. 

While the relation of the radicle and cotyledonary portion 
is thus seen to be generally constant, it must necessarily 
happen from the varying relation which the hilum bears to tne 
micropyle and chalaza, that its relation to the radicle and co y- 
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ledonary portion of the embryo must also vary in like manner. 
Thus in an orthotropous seed, as Rmnejc (Jig. 770), the chalaza 
and hilum coincide with each other, and the radicle is then 
turned towards the apex of the seed, and the cotyledonary 
portion to the chalaza and hilum ; in this case the embryo is 
said to be antitropom or inverted (Jigs. 722 and 770). In an 
anatropous seed, as Pansy (Jig. 704), where the micropyle is con- 
tiguous to the hilum, h , and the chalaza, c/t, at the opposite 
extremity, the radicle, r , will point towards the hilum or base 
of the seed, and then the embryo is said to be erect or homotropous. 
In a campylotropous seed, where the chalaza and micropyle are 
both near to the hilum, as in Lychnis (Jig. 772), the two 
extremities of the embryo, which in such cases is generally 
peripherical, become also approximated, and it is said to be 
amphitropous. Thus, when we wish to know the direction of 
the embryo, by ascertaining the position of the hilum, chalaza, 
and miciopyle, it is at once evident. 

We have now lastly to explain the different terms which are in 
use to express the relations which the embryo bears to the cavity 
or cell in which it is placed. We have already described the 
terms used in defining the position of the seed to the same cavity 
(see page 325), which we found might be either erect, inverse, 
suspended, pendulous, ascending, or horizontal, in the same sense 
as previously mentioned when speaking of the ovule (page 318). 
The I’adicle is said to be superior or ascending , as in the Nettle 
(Jig. 709, r) and liumer (Jig. 770, r), when it is directed towards 
the apex of the cell or pericarp ; inferior or descending when it 
points to the base ; centripetal if turned inwards towards the 
axis or centre ; and centrifugal when it is turned towards the 
sides. The above relations of the embryo to the other parts of 
the seed and to the cavity or cell in which it is placed, are 
sometimes of great practical importance. 


Section 7. General Morphology, or the Theoretical 
Structure of the Flower. 

Having now taken a comprehensive view of the different or- 
gans of the flower, we are in a position to examine in detail the 
theory which has been kept constantly in view in their descrip- 
tion, namely, that they are all modifications of one common type, 
— the leaf. The germ of this theory originated with Linnaeus, 
but the merit of having first brought it forward in a complete form 
is due to the poet Goethe, who, as far back as 1790, published 
a treatise On the Metamorphoses of Plants. The appearance of 
Goethe’s treatise at once drew the attention of botanists to this 
subject, and it is now universally admitted, that all the organs 
of the flower are formed upon the same plan as the leaf, and that 
they owe their differences to special causes connected with the 
functions which they have severally to perforin. Thus the 
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leaf being designed to elaborate nutriment for the support nf 
the plant, has a form, structure, and colour which are adapted 
for that purpose ; while the parts of the flower being designed 
for the purpose of reproduction, have a structure and appearance 
which enable them to perform their several functions. 

It was formerly said that the parts of the flower were meta- 
morphosed leaves, but this is stating the question too broadly, 
because they have never been leaves ; they are to be considered 
only as homologous parts to leaves, or parts of the same funda- 
mental nature, that is, as well stated by Lindley, 1 constructed 
of the same elements arranged upon a common plan, and vary- 
ing in their manner of development, not on account of any ori- 
ginal difference in structure, but on account of special, local, and 
predisposing causes : of this plan the leaf is taken as the type, 
because it is the organ which is most usually the result of the 
development of those elements, — is that to which the other 
organs generally revert, when from any accidental disturbing 
cause they do not sustain the appearance to which they were 
originally predisposed, — and, moreover, is that in which we have 
the most complete type of organisation,’ and, we may add, is 
that which can always be distinctly traced by insensible grada- 
tions of structure into all the other parts. 

Having first defined the general nature of the doctrine of Mor- 
phology, or that doctrine which investigates the various alterations 
of form, and other characters, which the different parts of plants 
undergo in order to adapt them to the several purposes for which 
they were designed, we shall then proceed to prove that all the 
parts of a flower are homologous with leaves. In doing so, we shall 
examine the several organs of reproduction, both as they exist in 
a natural condition, and in an abnormal state, commencing with 
the bract, and then proceeding in a regular manner with the 
different whorls of the flower, according to their arrangement 
from without inwards. 

In the first place , it is evident that the bract is closely allied 
to the leaf, from its structure, form, colour, and from the ordinary 
development of one or more buds in its axil. But in order to be 
perfectly convinced of this analogy, let anyone examine the 
Foxglove, the Lilac, or the Pieony, and then it will be seen that 
all stages of transition occur between leaves and bracts, so that 
it will be impossible to doubt their being homologous parts. 

That the sepals are homologous w T ith leaves is proved, not only 
by their colour and other characters, but also by the fact, that 
many flowers exhibit in a natural condition a gradual transition 
between sepals and bracts, and the latter, as already noticed, are 
readily referable to the leaf as the type. Thus, in the Camellia 
the transition between the sepals and bracts is so marked, that it 
is almost impossible to say where the latter end and the former 
begin. In the Marsh Mallow (fig. 390) and Strawberry (fig. 
391), again, the five sepals in the flowers of the two respectivt^ 
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alternate with five bracts ; and the difficulty of distinguishing 
them is so great, that some botanists call both sets of organs by 
the name of sepals. In many flowers in a natural condition, 
therefore, there is a striking resemblance between sepals and 
leaves ; and this analogy is at once proved to demonstration by 
the fact, that in monstrous flowers of 
Fig. 773. the Rose, Clover, Primrose (Jig. 773), 

ys and other plants, the sepals are fre- 

quently converted into true leaves. 

ft, We now pass to the petals , and a 1- 

though these in the majority of flowers 
/ are of a different colour to leaves and 
sepals, yet in their flattened character 
and g enera, l structure they are essenti- 
(GTWJJk ally the same ; and their analogy to 

leaves is also proved in many natural 
|I flowers by the gradual transitions ex- 

„ . _ . hibited between them and the sepals. 

With the sepals converted into " hiM is remarkably the case m the White 
true leaves. From Lindiey. Water-lily (fig. 448); also in the 
Magnolia and Calgcanthns , where the 
flowers present several whorls of floral envelopes, which so 
resemble each other in their general appearance and colour, 
that it is next to impossible to say wheie the sepals end and 
the petals begin. In many other instances, also, there is no 
other way of distinguishing between the parts of the calyx and 
those of the corolla than by their different positions, — the calyx 
being the outer series, the corolla the inner. The analogy 
between petals and leaves is still further shown by the fact, that 
the former are occasionally green, as in certain species of Cub&a , 
in a variety of Ranunculus , and in one of Campanula rapuncu- 
loides ; and also from their being occasionally converted, either 
entirely or partially, into leaves. We therefore conclude that 
petals like sepals and bracts are homologous with leaves. 

The stamen is, of all organs, the one which has the least re- 
semblance to the leaf. In describing the structure of the stamen 
we have shown (page 240), however, that the different parts of the 
leaf may be clearly recognised in those of the stamen. We find, 
moreover, that in many plants the petals become gradually 
transformed into stamens. This is remarkably the case in the 
White Water-lily (Jig. 448) ; thus in the flowers of this plant 
the inner series of petals gradually become narrower, and the 
upper extremity of each petal exhibits at first two little swell- 
ings, which, in those placed still more internal, become true 
anthers containing pollen. From the fact that the stamens can 
thus be shown to be merely modified petals, while the latter 
have been already proved to be modified leaves, it must neces- 
sarily follow that the stamens are so also. If we now refer to 
what takes place in many cultivated flowers, we have conclusive 
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evidence at once afforded to us of the leaf-like nature of stamens. 
Thus, in what are called double flowers, the number of petals is 
principally increased by the conversion of stamens into petals ; 
hence the number of the latter increases as the former decreases. 
Thus, if a double Rose be examined, all sorts of transitions may 
be observed between true petals and stamens. In other cases, 
the stamens have been actually transformed into true leaves. 
As far as the stamens, therefore, we have no difficulty in tracing 
both in the normal and abnormal conditions of the parts of the 
flower, a regular and gradual transition from the ordinary leaves, 
thus forming conclusive evidence of their being developed upon 
a common type with them. 

If we now pass to the carpel, we find that transitional states 
between the stamen and carpel are unknown in the normal con- 
dition of dowers, the diderence in the functions performed by 
them respectively being so opposite, that it necessarily leads to 
corresponding differences in structure. We must, therefore, 
look to monstrosities or deviations from ordinary structure for 
examples of such conditions. Even these are by no means com- 
mon. Such may, however, be occasionally found in the House- 
leek, some Poppies, and in other plants. In a paper, published 
by the author in the Pharmaceutical Journal for March, 185(>, 
a very remarkable instance of this transition from stamens 
to carpels was described ; it occurred in the Pa paver bract eatum. 
In this case, several whorls of bodies, intermediate in their 
nature between stamens and carpels, were found between the 
true andruecium and gyncecium. The outer whorls of the in- 
termediate bodies differed from the ordinary stamens, in their 
colour, in being of a more deshy nature, and in being enlarged 
at their upper extremity and inner surface into rudimentary 
stigmas ; in other respects they resembled the stamens, and 
possessed well-marked anthers containing pollen. The whorls 
next in succession gradually lost their anthers, became more 
deshy, bore evident stigmas, and on their inner surfaces, which 
were slightly concave, they had rudimentary ovules. Still 
more internally, the intermediate bodies, whilst resembling 
those just described in their general appearance, became more 
concave on their inner surface, and bore numerous perfect 
ovules : and within these, the intermediate bodies had their 
two margins folded completely inwards and united, and thus 
formed perfect carpels. Such an example as this shows in a 
striking manner that the stamens and carpels are formed upon 
a common type, and hence, that the latter are, like the former, 
homologous organs with leaves. The analogy of the carpel to the 
leaf is, however, constantly shown in cultivated dowers, even in 
a more striking manner than the stamen is thus proved to be a 
modified condition of that organ. Thus in many double dowers, 
as Buttercups and Roses, the carpels, as well as the stamens, 
become transformed into petals. It is by no means rare, again, 
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to find the carpels transformed into true leaves in cultivated 
Roses, &c. A similar condition also occurs in the Double 
Cherry (figs. 581-583), and has been already fully described 
when speaking of the carpel ; in which place we have also shown 
the analogy of the carpel with the leaf, by tracing its develop- 
ment from a little concave body but slightly differing in appear- 
ance from a leaf, up to its mature condition as a closed cavity, 
containing one or more ovules (Bee page 250). We have, there- 
fore, as regards the carpel, the most conclusive evidence of its 
being formed upon a common type with the leaf, and that it is 
consequently homologous with it. 

The carpel being thus shown to be homologous with the leaf, 
it must necessarily follow that the fruit is 
Fig. 774. likewise a modified condition of the leaf, 
since it is formed of one or more carpels 
in a matured state. 

Further proof of the homologous nature 
of the paits of the flower to the leaf is 
afforded by the fact that the floral axis, in- 
stead of producing flowers, will sometimes 
bear whorls of true leaves. In other cases 
the axis becomes prolonged beyond the 
flower, as in certain species of Epacris , and 
frequently in cultivated Roses (fig. 650), 
or beyond the fruit (fig. 774), and becomes a 
true branch bearing leaves. To this elonga- 
tion of the axis the term median prolification 
is usually applied. 

Various other examples might be ad- 
duced of the transformation of the floral 
organs into more or less perfect leaves. 
Thus, in the common White Clover, the 
parts of the flower are not unfrequently 
found in a leaf-like state. A similar condi- 
tion has also been observed in monstrous 
Strawberry flowers. In fact, no one can 
walk into a garden, and examine cultivated 
flowers, without finding numerous instances 
-. of transitional states occurring between the 

Pe,.r, shoeing tile axis different organs of the flower, all of which 
prolonged beyond the necessarily go to prove their common origin, 
feaves.^ beariug tIUC When a sepal becomes a petal, or a petal 
a stamen, or a stamen a carpel, the changes 
which take place are said to be owing to ascending or direct 
metamorphosis. But when a carpel becomes a stamen, or a 
stamen a petal, or a petal a sepal, or if any of these organs 
become transfoimed into a leaf, this is called retrograde or 
descending metamorphosis. 

We have thus proved by the most conclusive facts, that all 
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the organs of the flower are formed upon a common type with 
the leaf, and differ only in their special development, or, in 
other words, that they are homologous parts. Hence a flower- 
bud is analogous to a leaf-bud, and the flower itself to a branch 
the internodes of which are but slightly developed, so that 
all its parts are situated in nearly the same plane ; and, as 
flower-buds are thus analogous to leaf-buds, their parts are also 
necessarily subject to similar laws of development and arrange- 
ment, and hence a knowledge of the latter gives the clue to that 
of the former. 

The symmetrical arrangement of the parts of the flower 
arising from their being homologous parts with the leaves, will 
now be described, together with the various causes which inter- 
fere to prevent or disguise it. 


Section 8. Symmetry of the Flower. 

The term symmetry has been variously understood by different 
botanists. As properly applied, a symmetrical flower is one in 
which each whorl of organs has an equal number of parts ; or 
where the parts of one whorl are multiples of those of another. 
Thus, in some species of Crasmla ( Jig . 775), we have a sym- 




Fiq. 77f). Flower of Crasmla rubais, c, c. Sepals, p, p. Petals, e , e , e. 
Stamens, o , o. Carpels, at the base of each of winch is seen a scale, 
a, a. Fig. 770. Flower of a Sedum. 


metrical flower composed of five sepals, five petals, five stamens, 
and five carpels ; in Sedum (Jig. 77b) we have five sepals, five 
petals, ten stamens in two rows, and five carpels ; in the Flax 
we have five sepals, five petals, five stamens, and five carpels, 
each of which is partially divided into two by a spurious dis- 
sepiment (Jig. 013) ; in the Circ&a (Jig. 777) we have two organs 
in each whorl ; in the Rue (Jigs. 573 and 006) we have four or 
five sepals, four or five petals, eight or ten stamens, and a four 
or five-lobed pistil ; and in the Iris there are three organs in 
each whorl. All the above are therefore symmetri al flowers* 
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Fin. 777. 



When the number of parts in each whorl does not correspond, 
or when the parts of a whorl are not multiples of one another, 
the flower is u asymmetrical, as in Verbena, where the calyx and 
corolla have five parts in each whorl, and the androecium and 
gynoeciam only four. 

A symmetrical flower in w hich the number of parts in each 
whorl is the same, as in Crasmla (fig. 775), is said to be isomerous, 
or when the number is unequal, as in Rue (figs. 573 and COG) 
and tiedum (fig. 770), the flower is anisomerous. The number of 
parts is indicated by a Greek numeral prefixed to the word 
mtros, signifying a part. Thus when there are two parts m the 
whorls, as in Circata (fig. 777), the flower is di- 
merous, and the symmetry is said to be binary 
or t ivo- membe red. This may be considered either 
as answering to the distichous or two-ranked ar- 
rangement of leaves (see page 145); each whorl 
forming a cycle composed of two organs, the 
internodes between them not being developed ; 
or to successive pairs of opposite leaves decus- 
sating with each other. This anangeinent is 
Fig. 777. Diagram of thus marked d/ . When there are three parts 
the flow er of Circaia. in a w h<>rl, as in t ] ie gq„iU 27), Iris, and 

Lily, the flower is trimerous, and the symmetry 
is ternary, trigonal, or triang'ular ; it is indicated thus, d/ • Tliis 
may be regarded, either as answering to the tristiclious arrange- 
ment of leaves (page 140), each whorl forming a cycle of three 
organs, the internodcs between them not being developed ; or to 
successive whorls of three organs in each. When there are four 
parts in a whorl, as frequently in Rue (fig. 57*>), the flower is te- 
tramerous, and the symmetry, which is marked >/, is quaternary 
or tetragonal ; the successive whorls in such a flower may be 
compared directly with whorls of leaves each consisting of four 
organs ; or indirectly w ith opposite decussating leaves combined 
in pairs, the internodes not being developed. When there are five 
parts in a whorl, as in Crassula rubens (fig. 775), the flower is 
said to be pentamerous, and the symmetry, which is marked thus, 
d / , quinary or pentagonal. Such a flower may be considered as 
answering to the pentasticlious arrangement of leaves (page 144) 
with the internodes undeveloped ; or to be composed of successive 
whorls of five leaves, the internodes between each whorl being 
almost undeveloped, or very short. 

Of the above arrangements, the pentainerous is most common 
among Dicotyledons, although the tetramerous is also by no 
means rare ; while the trimerous is generally found in Mono- 
cotyledons. 

Although a symmetrical flower, as above described, neces- 
sarily infers that the parts in each whorl are equal to, or some 
multiple of one another, still it is very common for botanists to 
4>all a flower symmetrical when the three outer whorls correspond 
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in such particulars, while the parts of the gynoecium are unequal 
to them ; as in JStaphylea pinnata (Jig. 778), where the three 
outer whorls are pentamerous, while the pistil is dimerous. The 
gynoecium of all the organs of the flower 
is that which less frequently corresponds in * IGt 
the number of its parts to tile other whorls. 

By some writers, again, a flower is said S /^\v 

to be symmetrical, when it can be divided £ 
into two similar halves, as in Cruciform, J [^>£8 1 , 

where there are four sepals, four petals, six A $/ f J 

stamens, and two carpels (jigs. 24 and 25), Vv ^ 
and the whole so arrauged that the flower 
may be separated into two equal parts. 

Various other terms are used in describ- ^ r 
ing flowers, which will be best alluded to pmmta. 
here, although some have been previously 
noticed. Thus a flower is said to be complete , when the four 
whorls— calyx, corolla, aridroecium and gynoecium — are present, 
as in the Hue (Jig. GOO) ; where one or more of the whorls is ab- 
sent, the flower is incomplete (Jugs. 28 and 29). When the parts of 
each whorl are uniform in size and shape, as in the Rue (Jigs. 
573 and 090), the flow r er is regular ; under other circumstances 
it is irregular , as in the Pea (Jigs. 447 and 472). In a normal 
arrangement of the parts of the flower, the successive whorls 
alternate with each other as shown in Jigs. 775 and 777 ; thus* 
here, the sepals alternate with the petals, the petals with the 
stamens, and the stamens with the carpels. 

A perfectly normal and typical flower should possess a calyx, 
corolla, andnecium, and gynoecium, each of which should be 
so arranged that its parts form but a single whorl ; the different 
whorls should consist of an equal number of members ; the parts 
of successive whorls should alternate with one another ; and 
the organs of each should be uniform in size and shape, and 
distinct from each other and from the surrounding whorls. This 
normal and typical flower is, however, liable to various altera- 
tions, arising from several disturbing causes, which modify and 
disguise one or more of their typical characters. Some of 
these causes have been already alluded to in the description of 
the different organs of the tiow'er, but it will be necessary for 
us to investigate them more fully here, and classify for syste- 
matic study. All the more important deviations of the flower 
from its normal character niay be arranged under the following 
heads : — 

1st. The adhesion or union of the parts of the same whorl ; 
or those of different whorls. 

2nd. The addition of one or more entire whorls in one or 
more of the floral circles ; or increase in the number of parts of 
a whorl, which is due to the multiplication by division of any or 
all of the organs of a whorl. 
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3rd. The suppression or abortion of one or more whorls ; or 
of one or more organs of a whorl. 

4th. Irregularity produced by unequal growth, or unequal 
degree of union of the members of the same whorl ; or by ab- 
normal development of the thalamus or axis of the flower. 

That part of Botany which has for its object the investigation 
of the various deviations from normal structure, both in the 
flower and other parts of the plant, is called Teratology. 

1. The changes due to union or adhesion of parts. — We 
arrange these in two divisions : one of which is characterised 
by the more or less complete union of the members of the same 
whorl ; and the other by the adhesion of the different whorls ; 
the first is frequently termed coalescence or cohesion, and the latter 
adnation or adhesion. 

a. Coalescence or Cohesion. — This is of very common occur- 
rence in the members of the different whorls of the flower. 
Thus it occurs in the calyx, when it becomes monostpalous 
or gamosepalons; in the corolla, when it is monopetalons or gamo- 
petalous ; in the filaments, when it gives rise to monadelphous , 
diadelphons , and polyadelphous stamens ; m the anthers, when 
they are syngenesions or synantherovs ; and in the pistil, when 
the carpels are syncarpons. 

b. Adivation or Adhesion of the different whorls is also by no 
means uncommon. Tims the calyx may be united to the corolla, 
or to the andrcecium, or to botn ; or all these whorls may be 
united with the ovary. These different adhesions have been 
already explained, under the terms pet igynons, epigynons (page 
240), as regards the stamens ; and superior (page 220) as applied 
to the calyx. Again, the stamens may be united to the 
corolla, when they are said to be epipetalous (page 240) ; or to 
the pistil, when the term gynandrovs is used (page 247). All 
the changes due to union or adhesion of parts have been fully 
described in treating of the different whorls of the flower. 

2. Addition or Multiplication of Parts. — This may be also 
considered under two heads : — 1st. The addition of one or more 
entire whorls in one or more of tho floral circles ; and 2ndly, 
the increase in the number of the parts of the whorl, which is due 
to the multiplication by division of any or all of tbe organs of a 
whorl. The former is commonly termed augmentation ; the latter 
chorisis , deduplication, or unlining. 

a. Augmentation. — The increase in the number of whorls may 
occur in one or more of the floral circles. Thus the Barberry 
(fig. 779) has two whorls of sepals, two of petals, and two of 
stamens ; in this flower, therefore, we have an addition of one 
whorl of organs to each of the three external floral circles. In 
the Poppy, we have a number of additional whorls of stamens 
(fig. 781). In the Magnolia family generally, the increase is 
chiefly remarkable in the carpels (fig. 599, c, c). In Nymphtm 
( fig. 780), the petals and stamens are greatly increased in number. 
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In many of the Ranunculaceae, as Clematis (fig. 782), the stamens 
and carpels are very numerous, owing to addition of whorls. As 
a rule, the increase in the number of whorls is most common 
among the stamens. When the increase is not excessive, the 
number of the oi'gans so increased is a multiple of the normal 
number of parts in each whorl ; thus in the Barberry (fig. 779) 
the normal number is three, and that of the sepals, petals, and 
stamens, six, so that in each of these whorls we have double the 
normal number. When the addition of parts extends to beyond 
three or four whorls, this correspondence in number is liable to 
much variation ; and when the addition is very great, as in the 


Fig. 779. Fig. 780. Fig. 781. 



Fio.lVb. Diagram of tlio flower oi the Buherr\ (Rubins) Fig. 780. 

Diagram of flower of Nymphiva. Fig. 7H1. Diagram of the flower of the 

Poppy (Fojmver). 


stamens of species of Clematis (fig. 782), and the carpels of 
Liriodendnm (fig. 599, c, c), it cannot be well determined, and 
the symmetry is then disguised or destroyed ; which is also the 
case if the whorls are crowded together. 

I ig. 782. Iig. 1 83. 



Fhj. 782. Diagram of the flower of Clematis (Ranunculaceae). Fig. 783. 

Diagram of the flower of Rtuimnus lathurticus , Buckthorn. 

b. Chorisis or Deduplication . — This is generally looked upon 
by botanists as another means of multiplication of the parts of a 
flower. It consists in the division or splitting of an organ in the 
course of its development, by which two or more organs are 
produced in the place of one. Chorisis differs from augmenta- 
tion in the fact, that it not only increases the number of parts, 
but also interferes with their regular alternation ; for augmenta- 
tion does not necessarily interfere with alternation, it only ob- 
scures it when the number of additional parts is excessive, or 
when the whorls are crowded together. 
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Chorisis may take place in two ways, either transversely, 
when the increased parts are placed one before the other, which 
is called vertical, parallel , or transverse chorisis ; or collaterally, 
when the increased parts stand side by side, which is termed 
collateral chorisis . Transverse chorisis is supposed to be of fre- 
quent occurrence ; thus the petals of Lychnis {jig. 496, a) and 
many other Caryophyllaceous plants, exhibit a little scale on 
their inner surface at the point where the limb of the petal is 
united to the claw. A somewhat similar scale, although less 
developed, occurs at the base of the petals of some species of 
Ranunculus {fig. 493). The formation of these scales is supposed 
by many to be due to the chorisis or unlining of an inner por- 
tion of the petal from the outer. Other botanists consider these 
appendages as abortive stamens, or glands (see page 232). Each 
petal of Parnassia {fig. 495) lias at its base a petal-like append- 
age divided into a number of parts, somewhat resembling sterile 
stamens; this is also stated to be produced by transverse chorisis. 

In plants of the natural orders Rhamnacete {fig. 783), Bytt- 
neriaceoe, and others, the stamens are placed opposite to the 
petals, hence they are supposed by many botanists to be produced 
by chorisis from the corolla ; but others explain thiB opposition 
of parts by supposing the suppression of an intermediate whorl 
(see page 352). Transverse chorisis is also frequently to be 
found in the andnecium, but it is less frequent in the gynoecium. 
Examples of transverse chorisis in the gynoecium are furnished, 
however, by Craswtla {fig. 775), where each carpel has at its base 
on the outside a little greenish scale, a, a, which is supposed 
by some to be due to it. 

It will be observed, that in the above cases of transverse 
choriBis, the parts which are produced do not resemble those 
from which they arise, and this appears to be a universal law in 
this form of chorisis. 

Collateral Chorisis. — We have a good example of this form in 
the Stock, Wallflower, and other plants of the natural order 
Cruciferre. In these flowers, the two floral envelopes are each 
composed of four organs alternating with one another {fig. 784). 
Within these we find six stamens, instead of four, as should be 
the case in a symmetrical flower ; of these two are placed oppo- 
site to the lateral sepals and alternate w 1th the adjacent petals, 
while the other four are placed in pairs opposite the anterior 
and posterior sepals ; we have, here, therefore, four stamens 
instead of two, which results from the collateral chorisis of those 
two. In some Crucifer®, as Streptanthus {fig. 785), we have a 
strong confirmation of this view presented to us in the fact that, 
in place of the two stamens, as commonly observed, we have a 
single filament forked at the top, and each division bearing an 
anther, which would seem to arise from the process of chorisis 
being arrested in its progress. The flowers of the Fumitory are 
also generally considered to afford another example of collateral 
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chorisis. In these we have two sepals (fig. 786), four petals in 
two rows, and six stamens, two of which are perfect, and four 

Fio. 785. 



Fit/. 784. Diagram of tho flower of the common Wallflower. — —Fig. 785. 
Flower of u species of Streptanthn*. with the fl >ral en /elopes removed, 
showing n forked stamen in place of the two anterior stamens. From 
(5ray. Fig. 786. Diagram of the flower of Fumitory. 

more or less imperfect ; the latter are said to arise from collate- 
ral chorisis, one stamen here being divided into three parts. 
Other examples of this form are by some considered to be af- 
forded by the flowers of many species of Hypericum ( fig . 549,/, f); 
in which each bundle of stamens is supposed to arise from the 
repeated chorisis of a single stamen. 

Collateral chorisis may be considered as analogous to a com- 
pound leaf which is composed of two or more distinct and similar 
parts. Transverse chorisis is supposed by Gray and some other 
botanists to have its analogue in the ligule of Grasses (fig. 369, 
lig), as that appendage occupies the same position as regards 
the leaf as the scales of Lychnis (fig. 496, a) and other plants do 
to the petals (see page 232). 

Lindley held that the whole theory of chorisis ‘is de- 
stitute of real foundation, for the following reasons : — 

‘ 1. There is no instance of unlining which may not be as well 
explained by the theory of alternation. 

‘2. It is highly improbable and inconsistent with the simpli- 
city of vegetable structure, that in the same flower the multipli- 
cation of organs should arise from two wholly different causes ; 
viz., alternation at one time and unlining at another. 

‘3. As it is known that in some flowers, where the law of 
alternation usually obtains, the organs are occasionally placed 
opposite each other, it is necessary for the supporters of the un- 
lining theory to assume that in such a flower a part of the organs 
must be alternate and a part unlined, or at one time be all al- 
ternate and at another time be all unlined, which is entirely 
opposed to probability and sound philosophy. 

* 4. The examination of the gradual development of flowers, 



352 SYMMETRY OF FLOWERS. — SUPPRESSION OR ABORTION. 


the only irrefragable proof of the real nature of final structure, 
does not in any degree show that the supposed process of unlin- 
ing has a real existence . 9 

According to Lindley’s view, therefore, whenever the organs 
of adjacent whorls are oj^posite to each other instead of alter- 
nate, this is supposed to arise from the suppression of a -whorl 
which should be normally situated between the two that are 
present. 

3. Suppression or Abortion. — The suppression or abortion 
of parts may either refer to entire whorls ; or to one or more 
organs of a whorl. We shall treat this subject briefly under 
these two heads. 

a. Suppression or Abortion of one or more Whorls. — We have 
already stated that a complete flower is one which contains 
calyx, corolla, androecium, and gynoecium. When a whorl is 
suppressed, therefore, the flower necessarily becomes incom- 
plete. This suppression may either take place in the floral enve- 
lopes ; or in the essential or (fans. 

Sometimes one whorl of the floral envelopes is suppressed, as 
in Chenopodium ( fly . 28), in which case the flower is apetalous 
or monocMamydeous ; sometimes both whorls are suppressed, 
as in the common Ash (fly. 29), when the flower is naked or 
achlamydeuvs. 

When a whorl of the essential organs is suppressed, the 
flower is imperfect , as it then by itself cannot form seed. The 
androecium or gynoecium may be thus suppressed, in either of 
which cases the flower is unisexual ; or both androecium and 
gynoecium may be suppressed, as in certain florets of some of the 
Composite, &c. , when the flower is 'neuter . When the stamens 
are abortive, the flower is termed pistillate (fly. 411) ; or when 
the pistil is absent, dominate ( fiys . 410 and 408). The terms 
monoecious , dioecious , and polygamous, which have reference to this 
point, have been already sufficiently explained (see page 233). 

Some botanists, as already noticed (page 350), consider that 
when the organs of adjacent whorls are opposite to each other 
instead of alternate, such an arrangement of parts arises from 
the suppression of an intermediate whorl; but this view is 
manifestly insufficient to account for such a circumstance in all 
cases. Thus in the Rhamnaceae (Jig. 783), the stamens are 
opposite to the petals, and frequently united to them at the base, 
and we cannot but regard them as produced by transverse chorisis 
from the petals. In some cases, therefore, we regard the oppo- 
sition of the parts of contiguous whorls to be due to suppression, 
and in others to chorisis. 

b. Suppression of one or more Organs of a Whorl. — This is a 
very common cause of deviation from normal structure ; we can 
here only bring forward a few examples. 

This suppression of parts is most frequent in the gynoecium. 
Thus in the Oruciferee (fig. 784), we have four sepals, four 
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petals, six stamens, and two carpels ; here two carpels are sup- 
pressed. In the Heartsease (fig. 787), we have a pentamerous 
flower, so far as the calyx, corolla, and androecium are con- 
cerned, but only three carpels, two carpels being here suppressed: 
in many Leguminous plants (fig. 788). we have five sepals, five 
petals, ten stamens, and only one carpel, four of the latter being 
here abortive ; in plants of the order Compositse the calyx, co- 
rolla, and androecium, have each five organs, but only one, or, 
according to other botanists, two carpels. 


Fig. 787. 


Fig. 788. 



Fig. 780. 



Fig. 787. Diagram of the flow or of the Heartsease. Fig. 788. Diaginni 

ot a Leguminous flower. Fig. 789. Diagram of the flower of Impatient 

parujiora. 


In some species of Impatient (fig. 789) we have five carpels, 
five stamens, and five petals, but only three sepals ; here two 
sepals are suppressed : in Tropjeolwm, ppntaphglhnn (fig. 790), 
there are five sepals, and but two petals ; three of the latter 


Fig. 700. 


Fig. 701. 



Fig. 790. Diagram of the flower of Tropaolvm penlnphul- 

Jnrn. Fig. 791. Diagram of flowers of Fuphorbia- 

ceous plants becoming more and more simple. After 
.Jussieu. 

1. JStaminate flower of Traqiq cannabum. 

2. „ „ Traqia volubili s. 

3. „ ,, Anthostemn lenegalensp. 

4. „ ,, A(ienopeltv>colliguaya. 

5. „ ,, Euphorbia. 



organs being here abortive. In the Labiatae and Scrophulariacene 
one of the stamens is commonly suppressed, and sometimes 
three ; thus in the Laminm we have five parts to the calyx 
and corolla, but only four stamens ; and in the Salvia we have 

A A 
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also five parts to the calyx and corolla, but only two perfect 
stamens. 

The abortion of whorls and parts of a whorl is well illustrated 
by plants of the Euphorbiaceee, and the above diagram from 
Jussieu will show this fact in a remarkable manner (fig. 791). 
Thus, in No. 1 we have a flower consisting of but two whorls, 
the petals and carpels being suppressed ; in No. 2, while the 
Bame whorls are present, one of the stamens is absent ; in No. 
3 two stamens are abortive ; in No. 4 the calyx is suppressed, 
and one stamen, the place of the calyx being occupied by three 
bracts ; while in No. 5 the place of the calyx is occupied by 
two bracts, and there is only one stamen present ; this of itself 
constitutes the flower, which is thus reduced to its simplest 
condition. 

Besides the above examples of the suppression of parts, there 
is another kind of suppression, to which the term abortion more 
properly applies. This consists in the degeneration or transfor- 
mation of the parts of a flower. Thus in Scrophularia the fifth 
stamen is reduced to a scale ; in the Umbel liferte the limb of 
the calyx is commonly abortive, while in the Compositse it is 
either abortive (fig. 460), or membranous (fig 461), or re- 
duced to a pappose form. Many of the so-called nectaries of 
flowers are merely transformed stamens. In unisexual flowers, 
such as Tamms , the stamens are frequently present as little 
scales. In cultivated semi-doable flowers, such transformations 
are very common ; thus we frequently find the stamens and car- 
pels partially transformed into petals ; or when the flowers are 
entirely double, all the parts of the androecium and gynoecium 
are thus converted into petals. 

4. Irregularity. — This may be produced by three different 
causes — namely, unequal growth of the members of a whorl ; 
unequal degree of union ; and abnormal development of the 
thalamus or axis of the flower. The first two causes cannot 
well be separated, and will be, therefore, treated of under one 
head. 

a. Unequal Growth and Uneq'ual Degree of Union of the Mem- 
bers of a Whorl render such whorls irregular, and produce what 
are called irregular flowers. These irregular forms have been 
already treated of in describing the different floral organs. All 
the examples of irregular forms of calyx and corolla, therefore, 
which have been alluded to under their respective heads, will 
afford good illustrations. The stamens of plants belonging to 
the sub-order Papilionacem of the Leguminosae will afford nume- 
rous examples of unequal union in the staminal whorl ; and 
other illustrations will be found under the heads of the androe- 
cium and gynoecium. 

b. Abnormal Development of the Thalamus or Axis of the Flower. 
— The irregular forms of flowers due to this cause have been also 
alluded to when describing the tlialamus. Thus the flowers of 
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the species of Ndumbwm, (Jig. 649), Liriodendron (Jig. 599), 
Strawberry (Jig. 600), Raspberry (Jig. 601), Ranunculus (Jig. 
537), Rosa (Jig. 449), Dianthus (jig. 597), Gynandropsis(Jig. 651), 
and Geranium (Jig. 635), will furnish examples of this form of 
irregularity. * 


CHAPTER 5. 

REPRODUCTIVE ORGANS OF CRYPTOGAMOUS, FLOWERLESS, OR 
ACOTYLEDONOUS PLANTS. 

The nutritive organs of Cryptogamous plants have been already 
briefly alluded to in the chapter on the General Morphology 
of the Plant, and in our descriptions of the stem, root, leaf, and 
other parts. It only remains for us to describe the reproduc- 
tive organs of the same class of plants, which we shall do as 
fully as our space will allow. 

The reproductive organs of the Cryptogamia differ widely 
from those of the Phanerogamia ; for, in the first place, they 
have no flowers properly so called- that is to say, they have no 
true andrcecium or gyncecium, the presence of which is essential 
to our notion of a flower ; and hence such plants are termed 
Flowerbss. But although these plants have no true stamens or 
carpels, they have organs which perform analogous purposes, 
and to which the names of Antheridia, and Pistillidia or 
Archegonia, and others, have been applied. These organs being 
more or less concealed or obscure, flowerless plants have been 
also called Cryptogamous, which signifies, literally, concealed 
sexes. The term asexual , which was formerly applied, has now 
been proved to be incorrect. 

Secondly, as Cryptogamous plants have no flowers, they do 
not produce true seeds or parts containing a rudimentary plant 
or embryo ; but instead of seeds, they form reproductive bodies 
called spores , which in most cases consist of one cell (rarely more), 
composed of two or more membranes, enclosing a granular matter. 
A spore having no embryo can have no cotyledonary body, which 
is an essential part of the embryo, consequently flowerless plants 
have been also called Acoiyledonous. In germination again, as 
the spores have no rudimentary stem or root, they have com- 
monly no definite growth, but this takes place by an indifferent 
extension of one or both of their membranes. But some excep- 

* For full details relating to the General Morpholoiy and Symmetry of 
the Flower, reference may be made to Masters’s * Vegetable Teratology,’ and 
to Sachs’s ‘ Text Book of Botany.’ 

a a 2 
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tions are afforded to this latter peculiarity by certain spores 
which have on their outer membrane certain spots or pores, 
through which, in germination, little threads are protruded from 
an extension of their inner membrane. This is exactly analo- 
gous to the production of the tubes from j>ollen-cell8 ; indeed, 
in their general structure, spores (especially those of the Fungi, 
which exhibit the above growth) have a striking similarity to 
pollen-cells. It should be noticed, however, that spores, although 
so similar in structure to pollen, perform essentially different func- 
tions. The threads which are thus produced by the germination 
of spores may either reproduce the plant directly, or give rise to 
an intermediate body of varying form, called the prothallium , 
prof hallux, or pro-embryo {jig. 796), from which the fructiferous 
or fruit -bearing frond or stem ultimately springs. 

Although Cryptogamous plants are thus described as desti- 
tute of an embryo, yet it must be admitted that the spores of 
some of these plants do contain an analogous body to it, — that 
is to say, a body which has all the elements of the future 
plant in a rudimentary state. Such spores are, however, of but 
rare occurrence, and the rudimentary plant which they contain 
is of so different a nature from the true embryo of Phaneroga- 
mous plants, that such exceptional cases can scarcely be said to 
interfere materially with the character given above. 

Such are the chief distinctive characters of the reproductive 
organs of Cryptogamous plants. The nature of these organs in 
the different orders of flowerless plants is, however, so remark- 
able, that, in order to become acquainted with them, it will be 
necessary for us to describe the peculiarities of each separately. 

The Cryptogamous plants have been arranged, as already 
noticed (see page 9), in two great divisions, called respectively 
Cormophytes and Thallophytes. The general characters of these 
will be described hereafter, when treating of Systematic Botany ; 
but it will be better for us to keep these two groups in view in 
our sketch of the reproductive organs of flowerless plants, and 
hence we shall treat of them under these two heads. 


Section 1. Reproductive Organs of Cormophytes. 

Cormophytes, or, as they are also termed, Acrogens, have 
been divided into several sub-divisions, which are commonly 
called Natural Orders or Families : these are th e Filices, Equise- 
tacern, Marsileacex Lycopodiacese , Masci, and the Hepaticacede. 
These orders are differently arranged and defined by botanists ; 
but as our object is only to give a general sketch of their re- 
productive organs, we have adopted the above arrangement as 
perhaps, upon the whole, the simplest, and from its being the 
one most commonly in use. 

1. Filices or Ferns. — The fructification of these plants con- 
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sists of little somewhat rounded cases, called sporangia , capsules, 
or thecsR {Jig. 792, sp), springing commonly from the veins on the 
under surface or back of their leaves or fronds {jigs. 792 and 793) ; 
or, in some few instances, as in Acrostiehum , from their upper 
surface ; and containing spores in their interior. The sporangia, 
or capsules, are arranged in little heaps called sori , which vary 
much in form {Jigs. 792, sp, and 793, s) ; these are either naked, 
as in Polypodinm {Jig. 792), or covered by a thin membranous 
layer continuous with the epidermis, which is called the indndum 
or involucre , as in Lastrea FilLc-mas {jig. 793). Sometimes the 
capsules are so densely compacted that no intervening paren- 
chyma can be distinguished — the latter being destroyed by the 
excessive development of the former ; m which cases, the capsules, 


Fig. 792. 


Fig. 793. 


Fig. 794. 



Fig. 792. A portion of tlio frond of the common Polypody {Poly podium vul- 
gare) showing two sori spiinging from its veins. The sori are naked, 
and consist of a number of capsuies or sporangia, sp, in which the spores 

are contained. Fig. 793. Portion of the frond of the Male- fern {Lastrea 

Filix-tms), with two sori, s, s, covered by an indusiuin or involucre. 

Fig. 794. Portion of the frond of the Royal or Flowering-fern ( Osrnvnda 
I'rgalis), with its capsules or sporangia arranged in a spiked manner on 
a branched rachis. 


instead of being collected in sori on the back of the fronds, 
appear as little bodies arranged in a spiked manner on a simple 
or branched rachis, as in Osmunda {fig. 794). 

The capsule is a little cellular bag or case {fig. 795, s), usually 
stalked, p , and more or less completely surrounded by a ring 
or annulus ; this ring is frequently elastic, and thus causes the 
bursting of the capsule when ripe, and the escape of its contained 
spores. In some Ferns the ring is imperfect, and in others it is 
altogether wanting ; hence Ferns provided with a ring are 
called annulate , while those in which it is absent are said to be 
exannulate. 

The spores are usually somewhat angular in form, and have 
two coats like pollen-cells ; and like them, also, the outer coat, 
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which has a yellowish or brownish colour, is either smooth or fur- 
nished with little points, streaks, ridges, or reticulations. In 
germination the inner coat is first protruded in the form of 


Fig. 795. 



Fig 795. Sporangia or capsules of a Fern (Mcuyinana verrucosa), s Rpo- 
rangium or capsule supported on a stalk, p, and surrounded by a nng or 
annulus, -winch is a continuation of the stalk. One capsule or sporangium 
is represented as burst on its side, and the contained spores m the act of 

being scattered. Fig. 796. Undei surface of th< piothallium of a Pein, 

showing archegoma and anthcndia with root hairs After Berg ami 
Schmidt. 

an elongated tube through an aperture in the outer coat, which 
ultimately bursts, and the tubular prolongation, by cell-division, 
forms a thin flat green parenchymatous expansion, called a 


Fig. 797. Fig. 798. 



Fig 797. Side view of an anthendium containing a number of vpeim-cells , 
sp. Antherozoids escaping from the antheridium after having butst 

the 8perm*celle. Fig. 798 Vertical section of an archegomum, passing 

through the canal and embryo-sac. After Henfrey . 

protihMmm (Jig. 796), from which one or more radical fibres, or 
root- hairs, are commonly produced in its earliest stage. On the 
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under surface of this body (fig. 796), there are soon produced 
two different structures, called antheHdia and archegonia y which 
represent respectively the androecium and gynoeciuni of flowering 
plants. The antheridia are cellular bodies (fig. 797) containing 
other minute cells called sperm-cells , se, in which are developed 
spiral ciliated filaments, sp, the antherozoids. The archegouia 
(fig. 798) are little cellular papillae of a somewhat oval form, with 
a canal in their centre leading to a cell called the germ-cell , 
which is contained in a cavity called the embryo-sac / Before 
impregnation a minute corpuscle, which is termed the embryonal 
corpuscle , may be also observed in the germ-cell. Impregnation 
takes place by the contact of the antherozoids with the cor- 
puscle, and this after fertilisation forms the primordial cell, 
from the development of which ultimately the plant with fronds 
bearing capsules is produced. 

The Ferns are thus seen to exhibit in their growth two stages ; 
in the first of which the spore produces a thalloid expansion 
resembling the permanent state of the Hepaticacea' (figs. 820 and 
822) ; and in the second, peculiar bodies are formed upon the 
surface of the prothallium, by the mutual action of which there 
is ultimately produced a new plant resembling the one from 
which the spore was originally derived. Thus, Ferns exhibit an 
instance of what has been called alternation of generations. 

2. Equisetaoe.e or Horsetails.— In these plants the fully 
developed fructification, found usually in the early spring, is 


Fn.. 799. Fio. 800. Fiu. 801. 



Fig. 7!)9. Peltate fetal ked scale of a species of Horsetail (Kquiietvm), bear- 
ing on its lower surface a number of capsules or tbecaj. Fig. 800. Spore 

of a Horsetail furnished with two rioters, which are wound round it. The 

elaters are terminated at each end by a club-shaped expansion. Fkj. 

801. The same spore in a dry state, showing the elaters in an uncoiled 
condition. 

borne in cone-like or club-shaped masses at the termination of 
the stem-like branches (fig. 11). Each mass is composed of a 
number of peltate stalked scales, on the under surface of which 
numerous spore-cases, called thecae or capsules , are arranged 
(fig. 799). These capsules, when ripe, open by a longitudinal 
fissure on their inner surface, and thus set free the contained 
spores. 

The spores present a very curious structure ; they are little 
rounded or somewhat oval bodies, and are regarded by Henfrey 
as only possessing one true coat, in consequence of their outer 
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coat splitting up in a spiral direction so as to form two elastic 
filaments which are attached by their middle to the spores, 
and terminated at each end by a club-shaped expansion {figs. 
800 and 801). These spiral elastic filaments, which are called 
elaters , are at first wound round the spore (Jig. 800), but when 
dry they ultimately uncoil (fig. 801), and thus appear to assist 
in the dehiscence of the capsule, and in the dispersion of the 
spore to which they are attached. 

When these spores germinate, a little pouch-like process pro- 
trudes from their surface by an elongation of their membrane ; 
this ultimately forms a green lobed flattened expansion, the 
prothallium, which differs however from that of the Ferns, 
in usually being furnished only with antheridia or archegonia 
— the prothallia therefore are said to be dioecious. 

The male and female prothallia moreover differ somewhat in 
size, the former being the smaller of the two. As in Ferns also, 
from the embryonal corpuscle of the germ-cell of the archego - 
nium after impregnation by the antherozoids, a new plant is 
ultimately produced resembling in eveiy respect that of the 
parent plant from which the spores were derived. As is the 
case in Ferns, therefore, we have in the Equisetacete also, an 
instance of alternation of generations. 

3. Marsileaoe^e or Pepperworts.— Jn the plants of this 
order the fructification is placed at the base of the leaf-stalks. 
It consists usually of a two-valved stalked involucre or t>porocarp 


Fit,. 802. 



Fk». 803. Fig. 804. 



Fi(/. 802. Fructification of a species of Mar- 
xtlea. s. Two-valved sporocarp. p. Pe- 
duncle. /. Fructification. Fig. 803. 

Antheridium of the above. Fig. 804. 

Pistilhdium, sporangium, or ovule of the 
above. After Maout. 


(fig. 802, s), which is generally many-celled, or sometimes only 
one-eelled. The contents of the sporocarps, and the mode in 
which they are arranged, differ somewhat in the different genera 
of this order, and hence it will be necessary for us to allude to 
them separately. 

In Marsilea, the fructification consists of a stalked two-valved 
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hardened Bporocarp (fig. 802, s). The valves are held together 
by a mucilaginous ring, which is at first connected with the stalk 
of the sporocarp, but when the latter organ bursts, the ring be- 
comes detached from the stalk at one end, straightens, and ap- 
pears as a long mucilaginous cord protruding from the sporocarp 
(fig. 802, p ), and bearing on its sides somewhat oblong spikes of 
fructification, /. These spikes are at first enveloped in a 
membrane, and are composed of two distinct organs, called 
antheridia ; and pistillidia , sporangia , or ovules. These organs are 
attached to a sort of placenta, the antheridia being on one side, 
and the sporangia on the other. 

Each sporangium contains but one spore. It consists of a 
central nucleus, surrounded by a cellular coating except at its 
apex, where there is a little cavity (fig. 804). According to 
Hofmeister, ‘ this cavity is gradually filled up with cellular 
tissue, constituting a conical prothallium confluent with the 
nucleus. A single arcliegonium is formed in the centre, the 
orifice of which corresponds with the apex of the prothallium . y 
In this an embryo is ultimately formed, which, when it germi- 
nates, gives off a frond in one direction, and a root in that oppo- 
site to it. 

The antheridia contain a number of small cells (fig. 803), 
which ultimately develope long spiral spermatozoids. These 
small cells are called small spores or microspores ; while the large 
germinating spore is called the large spore or macrospore. 

Fig. 800. 



Fig. 805. Transverse section of the spoioearp or spore fruit of Pilularia 

globulifera After Henfrey. Fig. 806. Vertical section of the sporo- 

cirpof Salvinia, showing sporangia in one cavity, b, and antheridia in 
the other cavity, a. 


In Pilularia the fructification consists of stalked, pill-shaped, 
hairy sporocarps. The interior of each sporocarp is divided 
usually into four cells (fig. 805), and when ripe it opens by four 
valves. In the interior of each cell there is a mucilaginous pro- 
cess or placenta attached to the walls, upon which are placed 
numerous antheridia and sporangia, as in Marsilea. Th^, 
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structure of these antheridia and sporangia resembles in all 
essential particulars those of Mardlea. In fact, the only differ- 
ence between the fructification of Marsilea and PUxdaria , is the 
more complicated nature of the sporocarps in Marsilea. 

The fructification of Salvinia (Jig. 800) appears to resemble 
that of Marsilea and Pilularia , except that the antheridia, a, 
and sporangia, b , are here contained in separate sacs, and 
are attached to a sort of central cellular placenta. In germina- 
tion, also, the prothallium of Salvinia differs from that of Mar- 
silea and of Pilularia , in producing several archegonia, instead of 
only one, as is the case with them. 

In reviewing the fructification of the Marsileaceae, we find 
that it differs from the Filices and Equisetacese, in producing 
two distinct kinds of spores, and in the prothallium not forming 
a distinct expansion on the outside of the spore, as is the case 
with them, but being confluent with the spore. These charac- 
ters show that the Marsileacese are closely allied to the Lycopo- 
diaceee. 

4. Lyoopodiaoe^: or Club-mosses. — The fructification in the 
plants of this order is situated on the upper surface of their 


Fig. 807. 


Fig. 808. 






Fig. 810. 


Fig. 807. Scale or leaf of Selaginella apoda, with macrospornnginm in its 

axil. Fig. 808. Antheridiura or microsporangium of the above, placed 

in the axil of a leaf or scale. Alter Henfrey. Fig. 809. Microsporan- 

gium of a species of Selaginella. It is two-valved, and contains a number 

of small spores or microspores. Fkj. 810. Macrosporangium of a species 

of Selaginella. This is a two-valved, four-lobed sac, and contains four 
large spores or ovules, called macrospores. 


leaves at the base (figs. 807 and 808). The leaves thus bear- 
ing the fructification are frequently collected together into a 
kind of cone or spike, while at other times they are scattered 
along the stem. The spores, like those of the Marsileaceee, are 
of two kinds, and are enclosed in separate cases. These cased 
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are variously named ; the names which would correspond to 
those just used in describing the Marsileaeeise would be spo- 
rangia and antkeridia ; but the former are also commonly called 
maerosporangia (Jigs. 807 and 810), and the latter microsporangia 
(Jigs. 808 and 809). The contents of the former are generally 
termed large spores or macrospores (Jig. 810) ; those of the latter 
small spores or microspores (Jig. 809). 

The macrosporangia are usually two-valved cases (jig. 810) 
with four lobes, each of which contains one large spore or ovule. 
The macrospore is commonly only one-celled, but in some 
genera it is two, three, or many-celled. 

The antheridia or microsporangia are somewhat reniform 
two-valved cases (Jig. 809), containing a large number of small 
spores (microspaces)^ in which antlierozoids are ultimately pro- 
duced. 

In Lycopodium and some other Lycopodiace<e, only one kind 
of spore-case has been found, which is of the nature of the 
antheridium or microsporangium. 

The large spores are considered by Hofmeister and others as 
the analogues of the ovules. The antheridia or microsporangia 
are therefore to be considered as the male organs, and the 
macrosporangia as the female. 

In germination, the large spore produces a prothallium in its 
interior, thus resembling the Marsileacem. In this archegonia 
are soon developed, in which an embryo, and ultimately a new 
plant, is produced ; fertilisation taking place by means of the 
antlierozoids. 

5. Musci or Mosses. — The reproductive organs of this large 
order of Cryptogamous plants are of two kinds, which are called 


Fig. 811. 



Fig. 811. Antheridium, a, of 
the Hair-Moss ( Fohjtn - 
chum), containing a num- 
ber of cell*, c, in each of 
Mhich there is a single an- 
thtrozoid. p. 1‘aruphyses , 
surrounding the authen- 

dium. Fig. 812. Arche- 

gonium or pistillidium of a 
moss surrounded by para- 
physes. 


FlO. 812. 



antheridia (Jig. 811), and archegonia or pistillidia (Jig. 812). 
These are surrounded by leaves, called perichddial (Jig. 814, /), 
which are usually of a different form and arrangement to those 
of the stem ; and in some Mosses, they have, in addition to the 
pericheetial leaves, another covering formed of three or six small 
leaves, of a very different appearance to them, termed perigonial , 
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and constituting collectively a perigone. The antheridia are 
regarded as the male organs, and the archegonia or pistillidia as 
the female. 

The antheridia and archegonia sometimes occur in the same 
perigone, in which case such Mosses have been termed herma- 
phrodite. More frequently, however, they are in different 
perigones, and then both kinds of reproductive organs may occur 
on the same plant, or on separate plants {figs. 8 and 9) ; in the 
former case we apply the term monoecious , in the latter dioecious. 

The antheridium is a somewhat elliptical, more or less 
rounded or elongated cellular sac {fig. 811, a ), which is filled at 


Fig. 813 . 



H 



Fig. 814 . 


Fig. 815. 


Fig. 816. 



Fig. SIS. CoKcinodon pulvinatus. sp. Sporangium 
enclosed m the calyptra. t. Sita or btalk. 

v. Vngmule. From Ilenfrey. Fig. 814. 

The Hygrometric Cord-moss ( Funaria hygro - 
metrica). f. Perieheetial loaves, p. Stalks 
or se>ce, each of which supports a sporan- 
gium, u, covered by a calyptra, c. Fig. 815. 

Sporangium of the Evtmguisher-mos° (En- 
calypta vulgaris) before dehiscence, u Spo- 
rangium covered by a transparent calyptia, 
r, and supported on a seta, a. Beneath the 

calyptra is seen the lid or operculum, o. 

Fig. 816. The sporangium, u, of 815 after de- 
hiscence. The calyptra and operculum, o, 
beipg removed, the pei'istome, p> may be seen. 


maturity with a number of minute cells, c, termed sperm -cells or 
zoothecse ; in each of these there is a single spiral antherozoid. 
The antheridium opens by an irregular perforation at its apex, 
and thus discharges the sperm-cells with their antherozoids. 
Among the antheridia there are generally to be found slender 
cellular jointed threads {fig. 811, p ), called paraphyses , which 
are probably nothing more than abortive antheridia, as they 
appear to perform no special function. 

The archegonia , like the antheridia, are also often surrounded 
by filamentous cellular bodies, called paraphyses , which appear to 
be in this case abortive archegonia {fig. 812). The archegonium 
is a flask-shaped cellular body with a long neck, the whole some- 
what resembling an ovary with its style and stigma {fig. 812). 



REPRODUCTIVE ORGANS OF MUSCI. 


365 


The neck is perforated by a canal which leads into a cavity, at 
the bottom of which is a single cell, called the germ or embryonal 
cell. The case of the archegoniurn is called the epigone. This 
germ-cell appears to be fertilised, as in Ferns, by the anthe- 
rozoids passing down the canal until they reach it. In the case 
of Mosses, however, the fertilised germ -cell does not directly 
develope a new plant like its parent, but after fertilisation has 
taken place, the germ-cell becomes gradually developed into a 
somewhat conical or more or less oval body (Jig. 813, so) elevated 

Fig. 817 . Fig. 818 . Fig. 819 . 



Fig. 817. Pottia truncatu , showing the separation of the operculum from 

the sporangium. From Henfrcy. Fu/. 818. Sporangium, //, of Hair- 

moss deprived of its calyptra and oi>erculum. p. Peristome, e. Epi- 

phragma or tympanum. Fig. 819. Transverse section of a sporangium 

of Hair-moss, showing the columella surrounded by free spores. 

on a stalk, t , and as it grows upwards it bursts the epigone, and 
carries one portion of it upwards as a kind of hood (Jig. 814, c), 
while the other portion remains below as a sort of sheath (Jig. 
813, v), round the stalk. The central portion formed by the 
development of the embryonal cell, is called the sporangium 
(figs. 814, u, and 815, u) ; the stalk the seta (figs. 814, p, and 
815, «) ; the hood the calyptra (figs. 814 and 815, c), and the 
sheath at the base the vaginule (fig. 813, v). It will thus be 
seen that what is commonly called the fructification of Mosses 
— namely, the sporangium (figs. 814 and 815, n) — is not the real 
fructification, but its product. 

The sporangium , when fully formed, is a hollow urn-like case 
(figs. 817 and 818, u), the centre of which is usually occupied by 
a cellular axis, called the columella (fig. 819), and the space be- 
tween this axis and the walls of the sporangium is filled with 
free spores, which are small cells with two coats and markings 
resembling those of pollen-cells. The sporangium is either in- 
dehiscent : or it opens by four vertical slits so as to form four 
valves, as in the sub-order Andrmeoe ; or more commonly by a 
transverse slit close to its apex, like certain fruits, by which a 
kind cf lid is produced, called the operculum (figs. 816, o, and 
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817) ; thip lid is either persistent or deciduous. The sporangium 
is sometimes much dilated at the base, where it joins the seta ; 
this swelling is called an apophysis , or, if it only occurs on one 
side, a struma. 

The wall of the sporangium is commonly described as con- 
sisting of three cellular layers, the outer of which forms the oper- 
culum, and the inner two layers the peristome. At the dehis- 
cence of the sporangium the stoma or month is entire, smooth, 
or unfurnished with any processes (fig. 817); or it is surrounded 
by one or two fringes of teeth, called collectively the peristome 
(fig. 816, p ), which, as just stated, are formed from the two 
inner layers of the wall of the sporangium. These teeth are 
always four or some multiple of that number. Sometimes a 
membrane from the inner wall is stretched across the mouth of the 
sporangium, and forms what has been called the epiphragma or 
tympanum (fig. 818, e). When the mouth is naked, the Mosses 
in which such a sporangium is found are called gymnostomous or 
nalced-mouthed ; when the mouth is surrounded by a single row 
of teeth, they are said to be aplopenstomov, s ; or, when with 
two rows, they are diplojieristomous. The different appearances 
presented by the teeth, as well as their number and degree of 
cohesion, form important distinctive characters in the different 
genera of Mosses. The operculum, as already stated, is formed 
by a projection of the outer layer of the wall of the sporan- 
gium. At the point where the operculum separates an elastic 
ring or annulus is produced, which encircles the mouth of the 
sporangium. 

In germination, the inner coat of the spore is protruded as a 
tubular process, which, as it elongates by cell-division, forms a 

g 'een cellular branched mass, or prothallinm , like a Conferva. 

ut, as described by Berkley, ‘ this mass is very much of the same 
nature as the mycelium of Fungi, and is called the Protoroema , 
and is always. distinguished by the cells containing chlorophyll. 
Many spores may concur in the formation of this mass ; but 
whether more spores than one concur in the formation of a single 
plant is doubtful. Be this as it may, after a time a little knot 
or swollen articulation appears upon the threads, which, by cell- 
division, is developed into a leafy shoot, upon "which archegonia 
and antheridia are afterwards developed.’ 

The archegonium of Mosses is regarded by Henfrey as re- 
sembling ‘ the so-called ovules of Club-Mosses and Pepperworts 
— the archegonium giving rise to sporangiferous individuals. 
There is thus a compound organism, in which a new individual, 
forming a second generation, developed after a process of fertili- 
sation, remains attached organically to its parent, from which it 
totally differs in all anatomical and physiological characters. It 
is an instance of alternation of generations. * 

6. HepaticacevE or Liverworts. — The reproductive organs 
of Liverworts are of two kinds like those of Mosses, to which 
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this order is closely allied ; they are called antheridia , and ar- 
chegonia or pistillidia, and both Kinds maybe found on the same 
plant, or on different plants ; henoe these plants are either 
monoecious or dioecious. 

The antheridia or male organs are variously situated in the 
different genera of this order ; thus, in the leafy plants they are 
plaoed in the axil of leaves, as in some species of J ungermannia ; 
in other plants they occur in the substance of the frond or thal- 
loid expansion, as in Riccia and Fimbriana ; and in others, 
as in Marchantia , they are found imbedded in the upper sur- 
face of peltate or discoid- stalked receptacles (fig. 820, r). The 


Fio. 820. 



Fig. 821. 



Fig. 820. A portion of the* tliallusor thalloid stem of Marchantia pnlymorpha. 
r. Receptacle, supported on a stnlk, s. In the upper surface of the recep- 
tacle the antiieridin are imbedded. Fig. 821. Antheridium of Mar- 

chantia , discharging its small cellular contents {sperm-cells) . 

antheridia are small, generally shortly stalked, cellular sacs, of 
an oval, or somewhat flask-shaped form (fig. 821), in which 
are contained a number of small sperm-cells ; and their walls 
are usually formed of a double layer of cells. When ripe the 
antheridium bursts and discharges its contents ; the sperm- 
cells also burst, and each emits a single antlwrozoid , in the form 
of a spiral thread with two or three coils, somewhat like those 
of Chara (fig. 845). 

The archegonia or pistillidia , like the antheridia, are differ- 
ently arranged in different genera ; thus in Riccia they are im- 
bedded in the substance of the frond, while in Jungermamiia 
and Marchantia (fig. 822) they are contained in receptacles, r, 
which are elevated above the thallus on stalks, s. They are 
usually small flask-shaped bodies, consisting of a cellular case or 
epigone (fig. 823), having a canal in its upper elongated portion 
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which leads to a cavity, at the bottom of which a single free cell, 
called the germ or embryonal cell , is developed. The germ -cell 
is doubtless fertilised, as in Ferns and Mosses, by the passage of 
the antherozoids down the canal until they come in contact with 
it. The fully developed archegonia, like those of Mosses, have 
also at times an additional covering surrounding the epigone, 
called the perigone, which frequently grows up so as to form a 
sort of cup-shaped covering (Jig. 823, b). At the base of the 
perigone, a number of cellular filaments, perichfetial leaves, or 
paraphyses, are also occasionally to be found (Jig. 823, r, c). 

As in the case of Mosses, the fertilised germ-cell does not 
directly develope a new plant like its parent, but after fertilisa- 


Fio. 8 22. Fio. 82.'». 



Fig 822. A portion of tlio thallus or thalloid stem 
of Marchantta polymotpha. r. Tteceptfw le sup- 
ported on a stalk, On the under surface of 
the receptacle the archegonia and sporangia are 

imbedded. Fig 823. Archcgonium of Mar- 

chantia. b. Peng* no, open at its a]>ex, and 
surrounding an inner cellular case or epigone. 

c. c. Paraphyses Fig. 824. Elaters, e, of 

Murchantia. s, s. /Spores . 


Flo. 821. 



tion the germ cell enlarges and bursts through the epigone, and 
forms a sporangium or capsule ; the epigone either remaining as 
a sort of sheath round the base of the sporangium, which is 
called the vaginule , or its upper part is carried upwards as a sort 
of hood or styloid calyptra. 

The sporangia vary much in different genera. In Marchan- 
tia they are formed of two layers of cells ; one external, called 
the coHical or peripheral layer, and one internal, in which the 
spores, &c., are developed. The cells of the cortical layer 
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exhibit spiral fibres, like the cells constituting the inner lining 
of the anthers in Flowering plants. The cells forming the in- 
ternal layer are thus described by Henfrey : — At an early 
period the cells of the internal mass present the appearance of a 
large number of filaments radiating from the centre of the spo- 
rangium to the wall. These soon become free from each other, 
and it may then be perceived that some are of very slender 
diameter, and others three or four times as thick. The slender 
ones are developed at once into the long elaters (Jig. 824, e) 
characteristic of this genus, containing a double spiral fibre, 
the two fibres, however, coalescing into one at the ends. The 
thicker filaments become subdivided by cross partitions, and 
break up into squarish free cells, which are the parent cells of the 
spores, four of which are produced in each/ 

The sporangia in tins genus are situated on the underside of 
the receptacle (Jig. 822, /*), and vary in form ; — they burst by 
valves. In Jnngermannia the sporangia are elevated upon stalks 
arising out of the vaginule ; they are more or less oval in form, 
and open by four valves which spread in a cross-like form ; they 
contain spore-cells and elaters with a single sj>iral filament. In 
Anthocerox the sporangia open by two valves, and have a central 
axis or columella ; they are of an elongated, tubular, or conical 
form, and are situated on a short stalk, and contain spore-cells 
and elaters, but the latter have no spiral fibres in their interior, 
and are much simpler in their structure than those just described 
as found in Marchantia. In Riccia the sporangia are imbedded 
in the substance of the frond, and have neither elaters nor colu- 
mella. They have no regular dehiscence. 

The spores have usually two coats, like pollen-cells ; and the 
outer coat also frequently presents markings of different kinds ; 
but in Marchantia the spores have but one coat. They all 
germinate without any well-marked intermediate prothallium, 
although some produce a sort of confervoid mass or mycelium. 


Section 2. Reproductive Organs of Thallophytes. 

The Thallophytes may be divided into four large natural 
orders, called respectively, Fungi, Lichenes, Characeae, and Algm, 
in each of which again subordinate divisions have been made. 
The general characters of the larger groups will bo described 
hereafter in Systematic Botany. At present we have only to 
examine their reproductive organs, and of these even we can 
only give a general sketch ; but for fuller information on this 
subject the student is referred to Sachs’s ‘ Text Book of Botany/ 
by Bennett and Dyer. 

1. Fungi or Mushrooms. — To give a detailed description 
of the various modes of reproduction occurring in the different 
sub-divisions of this order of Thallophytes would be beyond the 

B B 
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scope of this manual, and we will therefore simply choose a few 
examples as types of the different methods by which reproduction 
may take place. For this purpose we will adopt the classification 
proposed by De Bary, according to which the Fungi are divided 
into the following groups, viz. : — (i) Phycomycetes, (ii) Hypo- 
dermic, (iii) Basidiomycetes, (iv) Ascomycetes. 

(i) Phycomycetes . — As an example of this group we will 
briefly describe the life history of Cystopus candidus , a fungus 
which is commonly found growing up6n Cruciferous plants. It 
resembles closely in its morphological phenomena Vaucheria (the 
life history of which is described under ‘ A1 gie,’ page 384), not 
only in respect to its unicellular mycelium, but also its formation 
of oogonia and antheridia. 

On examining a plant infested by Cystopus, it will be seen that 
the greatly elongated one-celled mycelium of the fungus is inter- 
woven, as it were, among the cells of its own tissue, and draws 
nourishment from the latter by means of little rounded projec- 
tions, known as bmtsboria. 

After vegetating for some time in this manner, erect branches 
grow out from the surface of the epidermis, from which conidia 
are formed by a process of budding. (The term conidia, when 
used by us, indicates in all cases reproductive cells which are 
produced asexually.) From these conidia, when moistened with 
dew, rain, Ac., zoospores are formed, and these settling down 
upon a similar plant will, under favourable circumstances, 
again develope the Cystopus mycelium. 

But Cystopus can also produce zoospores by means of a sexual 
process, which takes place in the interior of its host. The ends 
of certain filaments of the mycelium swell up, forming oogonia 
(fig. 825, A, og , og) ; whilst two club-shaped bodies, the anthe- 
ridia (fig. 825, b, an), are formed by branches which arise 
from near the base of the oogonium. 

In the course of its development, the oogonium becomes of a 
more or less spherical form, and at its base a septum is formed 
separating it from the general cavit} r of the Cystopus mycelium, 
whilst the greater part of the protoplasm contained in the 
oogonium arranges itself so as to form a rounded mass known as 
the oospherc (fig. 825, B, os). 

When fertilisation is about to take place, one or other of the 
antheridia comes in contact with the oogonium, and subsequently 
the protoplasm of the antheridium reaches that of the oogonium 
by penetrating the membrane of the latter (fig. 825, b). An 
oospore is thus formed (fig. 825, c, os), which becomes sur- 
rounded by a distinct cell-wall, and contains numerous starch 
granules (fig. 825, d). 

After lying dormant during the winter, the protoplasm of 
the oospore becomes divided into numerous segments, the whole 
being covered by a thin membrane known as the endospore (fig. 
825, E, i, and f, i). 
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From each of the little segments of protoplasm is formed a 
zoospore or swarm-spore (jig. 825, o), each of which subsequently 
settles down and may produce a new Cystopns mycelium. 





F\a. 825. a. Mycelium of Cvitopn t "with young oogonm, oq, og. R Fortion 
of mjcelmm bearing oogonium, oq, with the oosphere, os ; and antlnri- 
dium, an. c. Ripe oogonium, with os, the oospore i>. Ripe oospore, r, 

F Formation of sy arm-spores, c, from the oospore, i, t. Protruded endo- 
spore. After De Bary. 

(ii) Hypodermic. — Pnccinia qutminis , which we will take as 
the type of this group, is remarkable not only in showing a dis- 
tinct alternation of generations, but also in the fact that each 
generation is developed upon different hosts. 

Thus in the spring, the fungus (jig 820) may be seen in 
one phase of its existence growing on the Barberry (Htrberit s 
mlgoris), whilst in the summer, upon certain Grasses, fungous 
growths (jigs. 827 and 828) may be Been which have been de- 
veloped from spores formed whilst the Pvccmia was inhabiting 
the Barberry, and which in fact constitutes the second generation. 

If a section be made through one of the yellowish swellings 
seen on the leaf of a Barberry plant which is affected by the 
fungus, the whole tissue of the leaf at the spot in question will 
be found to be permeated by the mycelium of the Pvccinia , 
whilst two kinds of fructification may be noticed, one on either 
side of the leaf. On the upper surface (jig. 820, o), are some- 
what rounded spaces, termed spermogouia , sp, full of very 
delicate hair-like bodies, and from the ffbor of the cavity very 
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Fig. 826. 


small spore-like structures, the spermatia , are formed. On the 
lender surface are the much larger xcidium fruits or secidia , a, a. 

These consist of closely- 
packed vertical hyphse, from 
which, by a process of con- 
tinuous budding, a great 
number of conidia-like spores 
are detached. It is by the 
germination of these spores 
and their growth on Grasses, 
that what are known as the 
v redo-fruits are produced. 

These consist of a dense 
mycelium (fig. 827, sh), in- 
terwoven among the cells of 
the Grass leaf, from which 
vertical branches shoot up- 
wards bearing at their extre- 
mities oval granular spores, 
the uredospores , nr. These 
uredospores, germinating in 
other Grasses, again produce 
uredo-f ruits , and this process 
may be carried on through- 
out the summer. But to- 



Fig. 826. Section tlirough leaf of Bar- 
berry infested with Fuccmia gramints . 
o. Epidermis of uppei surface ot hat 
<tp. Spermogon 1 a. p, p. La> en> of c c 11s 
(petufimn), surrounding, a, a , the* 
cecidium lriuts. After Sachs. 

Fig. 827. 


Fig. 828. 




Fig. 827. Tart of a layer of uredospores. sh. 
Hyphae or mycelium ramifying among 
the cells of a leaf of the Couch Grass, ur. 

Uredospores. t. A teleutospore. Fig. 

828. ?. Epidermal, and 6, inner layer of cells 
of the infested leaf, t , t. Teleutospores. 
After De Bary. 


wards autumn some of the older uredo-fruits produce what are 
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known as the teleutosporcs (figs. 827, t , and 828, t , t). These are 
two-celled, somewhat elongated spores, which, germinating upon 
the Barberry leaf, give rise to the secidium fruits which we have 
already described. 

It will be noticed that as yet no sexual process has been dis- 
covered to occur during the life history of Puccinia. Should 
such be hereafter demonstrated, it will probably be in its growth 
upon the Barberry, and prior to the formation of the mcidia. 

(iii) Basidw mycetes . — As an example of this group we will 
briefly describe what is known of the life history of the common 
Mushroom (Agaricus campcstris). That which is ordinarily 
known as the Mushroom is in reality the receptacle , fmctifica- 
tion , or spore-producing structure , growing from a mycelium 
(fig. 829, a, mi/), which is vegetating underneath the surface of 
the ground or other substance upon which the fungus may be 
growing. The receptacle , in the case which we are considering, 
consists of tw r o parts, viz. : — the cap or j v ileus, p y and the stalk or 


Fig. 829. A. 


Fig. 829.15. 



Fiq. 829. A. Vertical section of the common Mushroom (Agancu s rampeslrix). 
my. Mycelium, vol. Remains of volva. .sf. Stipe, an. Annulus, h IJy- 

memum with its lamellae, la. p. The pileus. Fiq. 829. b. in. Mycelium 

of Agaricus , producing the young receptacles. After Sachs. 

stipe , si. The former may be regarded as the essential part of 
the receptacle, the spores being produced on its under surface, 
whilst the stalk simply serves the purpose of raising the cap 
some distance above the ground. 

In the earlier stages of development the young receptacle 
consists of small, somewhat pear-shaped bodies (fig. 829. b), 
made up of a dense mass of hyphal tissue continuous with that 
of the mycelium, m. As growth proceeds, an annular cavity is 
formed near the upper part, the roof of which, growing rapidly 
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in a transverse direction, ultimately becomes covered by a 
number of closely set vertical folds placed m a radiating direction 
from the centre to the margin , these are the lamellae, and 
collectively constitute the hymemum (Jiq 829 a la), upon which 
the spores are produced in a manner to be presently described 
The growth of the cap gradually causes the floor of the cavity, 
known as the %ei l or indusivm , to give way from the margin, 
so that it comes at last to hang from the stalk m the form of a 
fringe or annulus ( Jig 829 a an) 

If a transverse section of one of the lamellae of a mature 
hymemum (Jig 829 a h) be made, it will be seen to consist of 
cells, greatly elongated in the centie, constituting the tiama 

Tig 830 



Fi<i 830 Trnnsvei se section of lamella of mature hymemum of Agancvs 
mmp stm f JLmma h 'Sub hj menial lajei q luraphjscfe a , s", 
s'", a' " Basidia m different st iges of dcveloj ment After bnclis 

( Jig 830, t ), but being smaller and more or less rounded towards 
the periphery, where they form what is known as the mb- 
hy menial layer , sh 

Placed upon and derived fiom this layer are the densely 
crowded club-shaped cells known respectively as the basidia 
s', s ", s'", s"", or parajihyses, q, according as they produce spores 
or remain sterile 

From each basidium, m this species, two spores are produced, 
the process of their development being as follows — On the free 
rounded surface of the basidial cell there first appear two little 
processes, s', which quickly become swollen at their extremities, s". 


REPRODUCTIVE ORGANS OF FUNGI. — CLAVICErS. 375 


The swelling in each instance increases, and finally a protoplas- 
mic cell is produced, s'", which becomes separated from the little 
stalk, and forms a spore. 

The spores, thus formed, when placed under favourable cir- 
cumstances are capable of producing the mycelium, or dense net- 
work of hyphse, from which again the fructification or receptacle 
is developed. 

Judging from analogy, we would have expected the fructifi- 
cation to be the result of a sexual process taking place in the 
mycelium, thus giving rise to an alternation of generations, but 
from the latest researches on the subject it appears doubtful 
whether such be the case. 

(iv) A scomycetes . — From this division of Fungi two examples 
may be selected for description. 

The first which we will consider is Claviceps pu rpi ire a , or the 
Ergot Fungus. If we trace the development of this Fungus upon 


Fkj. 831. Fio. 8 32. 



F'tj. 831. Young sclerotmm, c, of Claviceps growing up and supplanting tbe 

old sphacclia, spit. Fi<). 832. Section through the junction of the 

bphacclia with the feclcrotium of Clavueps , showing formation of oomdia. 


the ovary of the affected Grass (Rye being the one more 
commonly selected), we find that it first produces what is 
known as the sphftcelia. On examining a section of an ovary in 
this condition, it is seen to be almost completely surrounded by 
a dense mass of liyphal tissue, which also penetrates more or less 
into its interior, and gradually, in fact almost entirely, takes the 
place of the proper structure of the ovary — this being more par- 
ticularly the case towards the base of the organ (Jig. 832). 

From the free ends of the outer hyphse great numbers of 
conidia (fig. 832) are produced by budding, which aimear to 
have the power of again producing sphacelia in other Grasses. 
Finally, the hyphal tissue becomes much more dense, this taking 
place gradually from the base to the apex, until the sclerotium 
(Jig. 831), or Ergot , which is ultimately (Jig. 833) a somewhat 
horn-shaped body of a dark purple colour, is formed. 
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After remaining dormant during the winter, the Ergot or 
Sclcrotium produces spores (from which the sphacelia can again 
be formed) in the following manner. Stalked receptacles (Jig. 
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the latter containing long slender spores (fig. 836), termed asco - 
spores , which again, by germinating on the Rye or allied Grasses, 
give rise to the spliacelia. 

Peziza, our second example of the Ascomycetes, is a genus of 
Fungi containing a great number of species, many of which are 
very common, and may be seen growing upon the dead trunks of 
trees, &c. Peziza is recognised as a small disc-shaped body, 
slightly cupped on the upper surface and of a reddish-purple 
colour. On close examination it is found that this structure 
(wlrch is in fact the fructiti cation) is growing from, and continu- 
ous with, a mycelium vegetating under the surface of the wood, 

Fig. 837. Fig. 8T8. 



Fiq 837. Sub hymcmal layer of the mycelium or hjphseof Pmzacrn- 
vemln f a b. c,d, e,f Successive stages of development of the asci and 

ascosporos intermixed 1 v ith slender pnraphyM s After Snobs Air/ 3 IK 

h h Mjcelinm or hyphfp of Peztrn nmfhuns a Oogonium with hooked 
process,/, i. Antheridium. After Tulasiu . 

&c. , upon which the Fungus is situated. On examining a verti- 
cal section under the microscope it is seen to consist of numbers 
of elongated cells closely packed side by side. Of these the 
greater number are very narrow and somewhat club-shaped at 
the extremities, whilst the others are broader (fig 837, a-f) and 
contain within them eight oval spores in a greater or less state 
of development. The latter, a-f, are known as the asci (the 
spores they produ 'e being termed awospores) ; whilst the former 
or sterile branchlets are the paraphyws. The ascospores are 
produced by the process of free cell formation. 

That which we have been describing, however, is merely one 
phase of the life history of Peziza, as this is one of the Fungi in 
which a clearly marked alternation of generations exists. 

At a certain period of the year there appear on the Peziza 
mycelium branches directed vertically upwards, winch, after 
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branching and rebranching, produce structures by means of which 
a sexual process takes place. These consist of antheridia (fig. 
838 , i), and what may be termed oogonia , a, the latter being 
ovoid vesicles placed at the extremities of the branchlets ; whilst 
the former is an elongated club-shaped body rising from below 
the base of the oogonium. The antheridium, i , finally unites 
with the oogonium, a, through the interposition of a liook- 
shaped process, /, on the latter, and as a result of the fertilisa- 
tion a number of hyphw, h , h , shoot up from the base of the 
oogonium, which ultimately develope so as to form the fructifi- 
cation which we have already examined. 

2. Liohenes ok Lichens. — From the more recent researches, 
which have been made on this order of plants, it appears to be 
most probable that Lichens are in reality Ascomycetous Fungi, 
parasitic upon Algae. As however this question cannot as yet be 
considered as absolutely settled, and as moreover Lichens present 
so many characteristics peculiar to themselves, we have thought 
it well to describe them and their modes of reproduction, under 
a separate head. According to the view then that Lichens are 
species of Fungi, the chlorophyll-containing cells or gonidia 
(figs. 841, yon, and 843, gon), found within the substance of 
their thallus, and which used formerly to be regarded as special 
asexual reproductive organs, are in reality Algae upon which the 
Fungus is parasitic. Thus the thallus of a Lichen is a compound 
structure, consisting of two elements, the fungal and the algal. ■ 

The reproductive organs of Lichens are of three kinds : — (1) 
Apothecia ; (2) Spermogonia ; and (3) Pycnidia. 

The apothecia are of various forms, and have received different 
names accordingly ; the more usual are the round (fig. 840, ap) 
and linear (fig. 839) ; the latter are commonly termed Unlive. 
The apothecia may be either sessile or stalked ; the stalk, when 
present, is termed the podetium. The apothecium is either com- 
posed of two parts, called the thalamium and excipulum , or, of the 
former only ; when the latter is found, it forms a partial or en- 
tire covering to the thalamium. r l he body of the apothecium 
constitutes the thalamium , and the layer of cells at the bottom 
of this, upon which the thecae and paraphyses are placed, is 
termed the hypothecium. When the apothecium is divided by a 
vertical section, it is seen to contain a number of spore-cases called 
asci (fig. 841, as), surrounded by thread-like or somewhat club- 
shaped filaments, called paraphyses, par, which are usually re- 
garded as abortive asci ; the asci and the paraphyses are placed 
perpendicularly upon the hypothecium. The apothecia are fre- 
quently of a different colour from the surrounding thallus ; this 
is due either to the paraphyses or the excipulum. Each of the 
asci, as, generally contains eight spores, but in some cases only 
four, and in others sixteen ; thus the spores are commonly a 
multiple of two, and the number is always constant for each 
fpecies. In rare cases the asci have a large number of spores, 



REPRODUCTIVE ORGANS OF LICRENES. 37R 

and are hence said to be polysporous. The spores themselves 
are usually termed ascospores. {Some of these spores are of a very 
complex structure, being divided into two, four, or many cells. 
They are frequently beautifully coloured, and form beautiful 
objects under the microscope. 

In a very few genera of Lichens, as Abrothallus and Scatula , 
certain structures have been discovered by Tulasne, called stylo- 
spores. These are analogous to the stylospores of certain Fungi. 

1 They consist of isolated spores borne upon shortish simple 


Fn,. 830. 


Fio. 811. 



TV/. 830. Thallusof Opegtapha aim showing lirelhe. Pig. 840. Portion of 

the thallub of Parmelta panthna , with young apoOtena. ap, and a per- 

moqonut , sp. After Henfrey. Fhj. 841. Section of the thallus tlnougli 

an apothecium of O etraria island tea. as. Asci, three of which contain 
abcospores. par. Parapbyses. g^n. Gonidia. After Berg and &clinudt. 


stalks. They are produced in conceptacles to which is a])plied 
the name of pycnidia. 1 

The spermogonia were first discovered by Tulasne, but they 
have been now found in a great number of Lichens, and probably 
exist in all. They generally appear as little black specks near 
the margins of the thallus, in the tissue of which they are 
usually more or less imbedded (Jig. 840, .sp) ; but rarely, they 
are quite free and above the thallus. The spermogonium varies 
in form, and has one or more cavities, with a small orifice at the 
top termed the outwit or pore (Jig. 842, os), with which all the 
cavities communicate. The spermogonium, when mature, has 
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its interior filled with a number of bodies called spermatid (figs. 
842, s, and 843, s), raised on stalks, termed uteri gmata or sper- 
matophores (figs. 842, sp , and 843, sp). The form of the sperma- 
tophores varies much : according to Henfrey, 4 The simplest 
are short slender stalks, simple or branched ; or they are 
articulated branches composed of a great number of cylindroid 
or globular cells (fig. 843, sp) ; or the branches are reduced to 
two or three elongated cells. The spermatia are terminal on 
the spermatophores, and consist of exceedingly minute bodies, 
Ordinarily linear, very thin, short or longish, straight or curved, 
without appendages, and motionless, and lie in a mucilage of 


Ftg. 842. 


Fig. 843. 



Fig. 842. Vertical section of a spermogo- 
ninmof Cladonia rangifirma. sp. Sper- 
matophores. os. Ostiole or pore, from 
which the spermatia, s. are escaping. 
Fig. 843. Highly magnified frag- 
ment from the wall of a spermogonium 
of Farmetia paiietina. sp. Articulated 
fiterigmata or spermatophores. 5. Sper- 
matia. gon. Gonidia. After Henfrey. 


1 * / 



extreme transparency. The spermatia are commonly regarded 
as the analogues of the spermatozoids produced in the antheridia 
of the higher Cryptogams. ’ When the spermogonium is mature, 
the spermatia (fig. 842, s) y are discharged through the pore or 
ostiole, os, in vast numbers (fig. 842). 

Lichens may also be reproduced in a vegetative manner by 
means of little detached portions of the thallus known as soredia. 
These are regarded by those who maintain the compound nature 
of Lichens as consisting of some of the Algae, through which the 
Lichen derives its nutrition, connected and intermingled with a 
weft of fine fungal hyphae . Such a soredium when placed under 
favourable conditions is capable of growing into a Lichen of the 
same nature as that from which it derived its origin. 
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3. Characeas or Oharas.— By some botanists the Oharas are 
classed among the Algaj, but as they present in their structure 
and mode of reproduction many points of difference from the 
latter, we have placed them in a separate group immediately nre- 
ceding them. J * 

The reproductive organs are of two kinds, botli of which grow 
at the base of the branches, and either on the same or on dif- 
ferent branches of the same plant, or on different plants. These 
organs are called respectively, globules and nucules . 

The globule (Jig. 844, a), which is regarded as an antheridiuin, 


Fig. 8J4. 



Fig. 844. a. Portion of the axis of Charafra - 
gilis. s. Nucule or pis t ill id i urn. o. Globule 
or antheridium. b. Internode. <\ Crown or 
corona of nucule. 0. Nodal cells. 0', 0", 
Sterile leaflets, b. sk, nucule, and a, globule, 
both in an early stage of development, w. 
Nodal cell of leaf. u. Union cell between it 
and basal node of globule. 1. Cavity of in 
ternodcof leaf. br. Cells of leaf covered with 

cortex. After Sachs. Ftg. 845. A portion 

of a filament, fil, of fig. 846, with a ciliated 

spermatozoid or antherozoid by its side. 

Fig. 846. A globule cut in half, to show tlio 
oblong cells or manubria, c, and the septate 
filaments, yM. After Henfrey. 


Fig. 8 Jo. 



Fig. 8 IG. 



is a globular body, usually placed immediately below, but occa- 
sionally on the side of the nucule. Of a green colour whilst young, 
it turns to a deep brick-red as it becomes mature. It consists 
of eight valves, or, as they have been termed, shield-cells , each 
of which is a flattened triangular or quadrangular cell, curved so 
as to present a convexity to the outer surface of the globule, and 
having their margins crenate or toothed, so as to dovetail as it were 
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with the adjoining shield-cells. From the centre of each shield 
an oblong cell (fig. 846, c), the manubrium, is given off in a per- 
pendicular direction. The eight cells from the eight shields 
converge in the centre of the globule. A ninth cell of a similar 
form, but larger than the others, also penetrates into the 
centre of the globule between the four lower shield-cells ; this 
is the stalk which fixes the globule to the branch upon which 
it is placed. At the central end of each manubrium is a rounded 
cell, which supports in turn four other smaller cells, and from 
each of these latter four confervoid filaments are given off (fig. 
846, fil) y in each cell of which is produced a single spiral sper- 
matozoid or antkerozoid (fig. 845), which is furnished with two 
very long cilia? of excessive fineness. These spermatozoids ul- 
timately escape from the cell by a sudden movement resembling 
the action of a spring, and may then be seen to exhibit active 
movements in water. 

The nucule is regarded as a pistil- 
lidium or archegonium. It is an oval 
sessile body, situated in the axil of a 
branch ; it consists of a central cell 
containing protoplasm, oil, and starch 
granules (fig. 848), and surrounded 
by five cells, which are wound spirally 
round it, and terminating above in 
five or ten smaller cells, the ends of 
which remain free (fig. 847, a ), and 
thus form a kind of crown at the apex 
of the nucule (figs. 844. a. r, and 847). 
At an early stage of growth the cells 
are separated from each other, and a 
canal is thus left between them extending from the crown 
towards the central cell. This canal is supposed to form a 
passage, by means of which the antherozoids reach the central 
cell of the nucule, by which it is fertilised. Ultimately the 
nucule drops off, and when it germinates first produces a single 
axial row of cells, forming a proembryo, from which the leaf- 
bearing sexual plant ultimately grows. 

4. Algjs or Seaweeds. — This order of plants, like the Fungi, 
comprises a very large number of species, which vary exceed- 
ingly in form, size, colour, and other peculiarities. They are 
all either inhabitants of water, salt or fresh, or live on moist 
surfaces ; and may be microscopic plants, or growths of enormous 
size. Adopting no special classification of the Algae, we will 
simply describe the processes of reproduction occurring in certain 
examples as types of the rest. 

NostoCy a very common Alga, is found living sometimes in 
water, though more frequently on the damp surfaces of trees, 
stones, &c. It consists of a jelly-like substance, in which are 
imbedded moniliform threads of cells (fig. 849), the different fila- 


Fig. 847 . Fig. 848 . 
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of the spirally wound 
cells. Fkj. 848. Vertical sec- 

tion of a nucule. 
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ments being interwoven with one another. The greater number 
of the constituent cells contain chlorophyll ; but usually there 
are also placed at definite 

distances from one another Fig. 849. 

larger colourless cells, 
which are not, like the 
others, capable of division, 
and are ordinarily known 
the heterocyds (Jig. 849). 

By means of the growth 
and subsequent division of 
the smaller cells, the Non- 
toe colony may become 
increased in size, and new 
colonies also at certain Fig. 849. Filaments from a Nostoc colony, 
times become formed in After Lucrssen. 

the following manner. 

By means of the imbibition of water the jelly of the old 
colony swells up and allows the Nodoc filaments or rows of 
cells to become free. Each cell subsequently grows rapidly in 
a transverse direction till the appearance is presented by each 
filament of a number of disc-like bodies placed side by side. Cell 
division next takes place in a direction parillel to the axis of 
the filament, so that a number of septate thread-like bodies 
are produced, which, joining by their ends, grow so as to 
ultimately produce a new Nostoc colony. At the same time the 
heterocysts are developed from cells which previously differed in 
no apparent respect from the rest, and the jelly-like envelope 
of the colony becomes also gradually formed. 

Spirogyro , our next example of this order of plants, is one in 
which the process of reproduction known as conjugation very 
commonly takes place. Spirogyra is an Alga which may be 
found in great quantities in most ponds towards the end of 
summer, and is one of the prettiest objects which can be ex- 
amined under the microscope. Seen with the naked eye, it con- 
sists of a mass of long, very slender green threads or filaments, 
which float in the water where they are growing. Examined 
wirli the microscope, each filament is seen to be more or less 
cylindrical, and composed of a great number of similar cells 
placed end to end (Jig. 850). The chlorophyll is arranged in the 
parietal layer of protoplasm of the cell in a definite spiral 
manner ; the name of some of the species being determined by 
the number of such spirals in a single ceU. Each cell is capable 
of growth and division, and by this means the bulk of the entire 
plant is increased. 

When conjugation is about to take place, two filaments ap- 
proach each other, and from the sides of contiguous cells (Jig. 850, 
a, b , c), protrusions of the wall occur which meet in the centre. 
The walls then intervening between the cavities of the two conju- 
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gating cells next becomes absorbed (fig. 851, a), and the pro- 
toplasm of one cell separates itself from its cell- wall, and 
gradually travels into the other cell, where it becomes intimately 
mixed with the protoplasm, a, existing there. The whole mass 
then becomes of a somewhat oval shape, surrounds itself with 
a cell-wall, 6, and in fact constitutes wliat is called a zygospore. 
Later on its colour changes from green to that of a deep red, 

Flo. 850. Fiu. 851. 




Fh 7.850. Two filaments of Spironyra about 
to conjugate ; each cell is seen to con- 
tain chlorophyll arranged in spiral 
band 1 - with grains of starch, oil glo- 
bules, and a central nucleus,, surrounded 
by protoplasmic threads which extend 
to the cell- wall, a, b, c. Lateral pro- 
trusions of the cell-walls of adjoining 
cells. After Sachs, Fir/. 851. a. Fila- 

ments of Sjnroi/ym conjugating, a. For- 
mation of 2 ygospore. b. Formed zy- 
gospore. n. A filament in which are 
young zygospores, c, and which contain 
drops of oil. After Sachs. 


and after remaining dormant during the winter the zygospore 
germinates at the beginning of spring, and so gives rise to a new 
JSpirogyra plant. 

Vauchericty which we will now consider, exhibits true 
sexual reproduction, in addition to the formation of asexual 
spores. An irregular kind of alternation of generations exists in 
this genus, inasmuch as asexual spores are usually produced by 
a certain number of successive generations, the sexual process 
only taking in generations separated by a considerable interval 
from one another. At the same time it must be noticed that 
asexual spores may be formed in the same plant as that in which 
sexual reproduction takes place. 

Vaucherla may be found growing either in water or on moist 
surfaces. Its thallus consists of one very elongated and greatly 
branched cell, attached to some fixed object by means of a por- 
tion of its thallus, which is much branched and perfectly trans- 
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parent (fig. 852, d, w). The other, or non-transparent portion 
of the cell contains protoplasm, chlorophyll grains, and fre- 
quently numbers of small oil globules. The asexual spores 
are formed in various ways in the different species, the more 
common method being that in which a small branch becomes 
separated from the parent cell by division, the protoplasm thus 
shut off secreting a cell -wall round itself, and thus forming 
a spore, which ultimately germinating gives rise to a new Van - 
cheria thallus. 

Zoospores or Zoogonidia are also not unfrequently formed 
as follows : — The contents of the branch, which has swollen into 
a sporangium, contract, and escape as a primordial cell, or one 
without a cell- wall, from a fissure at the apex (fig. 859, a, sp). 


Fio. 852. 



Fig . 852. a. sp. Newly formed zoospore or zoogomdium of Van cheria sessilis 
escaping, b. Zoospore at rest after having lost its cilia, c. First stage of 
germination, d. Filament of Vauchevia setsilts producing oogonia, og , og . 
and antlieridium, h. w. Hyaline root like process, forming a sort of 
mycelium, sq. Zoospore. After Sachs. , 

This primordial cell is densely covered by short cilia, and is 
termed a zoospore or zoogonidiam , which at first rapidly rotates ; 
but it soon comes to rest, when the cilia disappear, and a 
cellulose wall is produced (fi.g. 852, b). This spore then ger- 
minates by putting out one (fig. 852, c) or two tubes, or it forms 
on the other side, at the same time, a branched root-like organ 
(fig. 852, d, w). 

When sexual reproduction takes place, short branches of 
the thallus or filament, which are in close proximity to each 
other, become transformed into antheridia , h , and oogonia, og, 
og (fig. 852, d). The branch which is to form the antheridium 
is longer than the other which forms the oogonium, and gener- 
ally becomes more or less curved, and a division is made about 
halfway from its base. The protoplasm in the upper part 
becomes differentiated into antherozoids, which by means of the 
bursting of the antheridium become free at the same time as 
the rupture of the oogonium takes place. 

The oogonia (fig. 852, d, og, og), of which there are fre- 
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quently two near to each other, are somewhat ovoid ; they differ 
from the antheridia in containing a good deal of chlorophyll, 
and are separated from the cavity of the thallus by a septum 
situated at their base. The green and granular contents 
finally collect in the centre of the oogonium and colourless pro- 
toplasm is to be seen at its end ; the cell- wall then opens at this 
point, and the contents at the same time retract from the cell- 
wall and what is termed the oosphere is formed. The antheridium 
opens at the same time as the oogonium, and the antherozoids 
escape, reach the oosphere, mix with it, and then disappear ; 
and the oosphere is transformed into an oospore. The oospore 
thus formed acquires a distinct cell- wall of its own, and its 
colour also changes to a reddish hue. By the germination of the 
oospore, a new Vaucheria thallus may be formed. 

Fig. 8;>8. 



Fig. 853. Vertical section of a female oonoeptacle of Fit cm vesuulosus con- 
taining oogoma and parapliyses. After Thuret. 

Fucus . — This genus includes numerous species, which form 
the various plants commonly known as Seaweeds. The thallus 
(fig. 5) is usually long, very much branched, and of a greenish 
brown colour. In structure, it is made up at the surface of closely 
packed small cells, but towards the interior the cells are more 
elongated, and joined end to end, so as to form filaments which 
are interwoven amongst one another (fig. 853). The walls of 
the constituent cells are peculiar in consisting of two parts, an 
inner firm layer, and an outer one which is generally more or 
less swollen by imbibition of water. 

Reproduction is effected by a sexual process, which takes 
place in the following way : — Numerous little cavities, known 
as corweptacles, appear sunk in the surface of large swollen recep- 
tacles (fig. 5, t, t), on the ends of the longer forked branches of 
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the Fucus, and in these are contained the antheridia or oogonia , 
or both of these organs, together with abortive filaments or 
paraphyses. Some species, as Fucus platycarpns , are monoecious, 
i.e. contain both antheridia and oogonia in the same conceptacle ; 
but in others, as Fucus vericulosns , either only antheridia or 
oogonia conceptacles are produced in the same plant ; Buch 
species therefore are dioecious. 

Taking Fucus vesiculosus as an examplo of the dioecious 
species, on making a section through a female conceptacle, its 
cavity is found to be of a more or less spherical form, and 
marked off from the loose tissue of the interior of the thallus 
by a thin layer of denser tissue resembling, and in fact being a 
continuation of, that of the surface, winch may be called the 
epidermal layer {fig. 853). Springing from all parts of the wall 
of the conceptacle are slender jointed filaments, the paraphyses. 
Amongst these paraphyses are the oogonia , which are produced 
from certain cells of the lining, or epidermal layer of cells. 

Fio. 854. Fio. 855. Fio. 85 G. 



Fig 854. Anthcndm. a, a, on the branched hairs of the male conccptaele. 

After Thuret 1 V/ 8.>5. Oosphores fully separated, arid disengaging 

themselves from their coverings After Thuret. Fig. 856. An oosphere 

being fertilised by the anthtroiouls 

The antheridia in the monoecious species, as Fucus pi aty carpus, 
are developed in the same conceptacle as the oogonia ; and in 
dioecious species in separate conceptacles, then termed male con - 
eeptacles. These « ntheridio {fig. 854) are somewhat elliptical 
bodies, (/, a, formed on branched hair-like cells. When mature 
the antheridium becomes a bright red colour and contains a 
number of small antherozoids (fig. 850), each of which is fur- 
nished with a pair of cilia. 

The oogonia are globular bodies borne upon a short one- 
celled stalk, in which are produced eight oospheres by means of 
the division of the contained protoplasm {fig. 855). Those, 

c c 2 


383 REPRODUCTIVE ORGANS OF ALG.<E* — CEDOGONIUM. 


which are at first angular, become rounded off, and are ulti- 
mately set free by the bursting of the oogonium membrane. 
The antherozoids, which escape almost simultaneously with the 
oospheres, gather round the latter and appear to become finally 
blended with their substance {jig. 856). The oospore thus 
formed secretes around itself a cell-wall and very soon begins to 
germinate. Growth and division proceed, and so a new Fucus 
thallus is built up. 

(Edogonium. — The Fiu. 857. 

thallus of (Edogonium 
consists of a long, un- 
branched row of cells ; 
and each cell is nucleat- 
ed, and contains chloro- 
phyll granules imbedded 
in the parietal protoplas- 
mic layer. Reproduction 
is effected either asexual- 
ly by means of zoospores ; 
or in a sexual manner by 
anther idia and oogonia. 

The former are produced 
by means of the bursting 
of a cell and the conse- 
quent escape of the cell 
contents in the form of 
an ovate mass with a tuft 
of fine cilia at the more 
pointed extremity. 

In the latter case the 
antlmrozoids are formed 
in special cells, and either 
on the same filament as 
the oogonia (jig. 857, a, 
n, og) ; which is then 
termed a sexual jiiament ; 
or on another filament 
(jig. 857, c, z, z), then 
called a male filament. 

The antherozoids resem- 
ble the zoospores or zoo- 
gonidia, but are smaller. 

The oogonia (fig. 857, a, 
og, og) are oval bodies 
containing a great deal 
of chlorophyll, and are 
formed by the enlarge- 
ment of any of the individual cells of the filament. The con- 
tained protoplasmic mass, or oosphere , may be fertilised in two 



Fig. 857. A. Middle part of asexual filament 
of (Edogonium ciliatum. og, og. Oogonia 
fertilised by the dwarf male plants, in, rn, 
developed from zoospores formed in tho 
cells, n (antheridium), at the upper part of 
the filament, b. Kipe oospore, c. Piece 
of male filament of a species of (Edogonium, 
with production of antherozoids, z , z. d. 
The four swarm-spores resulting from an 
oospore, e. Swarm-spore at rest. After 
Pringsheim. 
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different ways. Either the oosphere is directly fertilised by 
contact with the antherozoids above described (fig. 857, o, z ) ; 
or by means of an antherozoid produced from a peculiar form 
of swarm-spore known as an androspore (fig. 857, a, n). The 
androspore, which is produced from cells resembling those of 
the antheridia. becomes attached to the oogonium, forming what 
is known as a dwarf male plant (fig. 857, a, w, w), and sub- 
sequently discharges its protoplasm in the form of an anther- 
ozoid, by which the oosphere may be fertilised, and become 
transformed into an oospore. 

In either case the oospore after a short period of rest gives 
rise to four swarm-spores (fig. 857, i>), each of which (fig. 857, 
e) subsequently grows into a swarm-spore-producing plant, so 
that in ( Edogouiutn we have another example of alternation of 
generations, similar to that which occurs in Vanrheria (page 
384), viz., one in which a series of generations consists of the 
swarm -spore-producing plant, whilst at more or less regular in- 
tervals a sexual generation takes place. It should be noted 
however that zoospores may be also produced in the same indi- 
vidual plant as that in which the sexual process takes place. 



BOOK II. 


SYSTEMATIC BOTANY, OR THE CLASSIFICATION 
OF PLANTS. 


CHAPTER 1. 

GENERAL PRINCIPLES OF CLASSIFICATION. 

Ottr attention has been hitherto directed to the examination of 
the structure of the various organs and parts of plants. In 
doing so, we cannot but have noticed the almost infinite varieties 
of forms which have thus been presented to us, and also at the 
same time observed that, notwithstanding such variations, there 
are some striking resemblances in the structure of the organs of 
certain plants, by which a close relationship is thus clearly indi- 
cated between them. It is the object of Systematic Botany to 
take notice of such relationships, and thus to bring plants to- 
gether which are allied in their structure, and to separate those 
that are unlike ; and in this way to take a comprehensive view 
of the whole Vegetable Kingdom. In its extended sense, Sys- 
tematic Botany has for its object the naming, describing, and 
arranging of plants in such a manner, that we may readily 
ascertain their names, and at the same time get an insight into 
their affinities and general properties. 

At the present time there are at least 120,000 species of 
plants known to exist on the earth. It is absolutely necessary 
therefore, for the purpose of study, or in order to obtain any 
satisfactory knowledge of such a vast number of individuals, that 
we should arrange them according to some definite and fixed 
rules ; but before we proceed to describe the systems that have 
been devised at various times for their arrangement, it will be 
necessary to define certain terms which are in common use in 
such systems. 

1. Species. — By the term species we understand a collection 
of individuals which resemble each other more nearly than they 
resemble any other plants, and which can be reproduced by 
seed ; so that we may from analogy infer that they have all been 
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derived originally from one common Btock. Thus, if we walk 
into a field of Beans, Peas, or Clover, we observe thousands of 
individuals, which, although differing to a certain extent in size, 
and in some other unimportant characters, we at once associate 
together under a common name. In like manner we commonly 
observe around us, in the gardens and fields, similar collections 
of individuals. Such collections of plants, thus seen to resemble 
each other in all their important parts, constitute our first idea 
of a species ; and that idea is at once confirmed if, by taking the 
seeds of such plants and sowing them, we obtain other plants 
resembling those from which such seeds have been derived. 
Species are, however, under special conditions, liable to varia- 
tions, and we have then formed what are termed varieties and 
races. 

a. Varieties . — It has just been observed, that if the seed of a 
species be sown, it will produce a plant resembling its parent in 
all its important parts. But this will only happen, when the 
new individual has been exposed to similar influences of soil, 
heat, light, moisture, and other conditions, as its parent ; and 
hence we find that any variations in such particulars will lead to 
certain peculiarities m form, colour, size, and other minor cha- 
racters, in plants raised from the seeds of the same species. In 
this manner we have produced what are termed varieties. In 
some cases such variations are merely transient, and the indi- 
viduals presenting such peculiarities will in time return to their 
original specific type, or perish altogether ; while in other in- 
stances they are permanent and continue throughout the life of 
the individual, the whole plant being, as it were, impregnated 
w r ith the particular variations thus impressed upon it, and hence 
such variations may be perpetuated by the gardener in the ope- 
rations of Budding, Grafting, &c. (see page 102), as is the case 
with many of our fruit trees and flowers. But even these varie- 
ties cannot be propagated by seed ; for if their seeds be sown, 
the individuals which will be produced will have a tendency to 
revert to the original species from which such varieties have 
been obtained, so that the nature of the plant raised will de- 
pend upon the character of the soil in which it is placed, and 
the other conditions to which it is exposed. Thus, if we sow 
the seeds of a number of different varieties of Apples, the fruit 
which will be afterwards produced by the new generation of 
Apple trees will, instead of resembling that of their parents, 
have a tendency i o revert to that of the common Crab, from 
which species all such varieties have been originally derived. 
Hence a variety differs essentially from a species in the fact that 
it cannot be propagated by seed. 

b. Races. — Besides the varieties just alluded to there are 
others, which are called permanent varieties or races, because 
their peculiarities can be transmitted by seed. Familiar ex- 
amples of such races are afforded by our Cereal grains, as Wheat, 
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Oats, and Barley ; and also by our culinary vegetables, as Peas, 
Lettuce, Radishes, Cabbages, Cauliflowers, and Broccoli. How 
such races of plants have originated, it is impossible to say with 
any certainty. In the first case they probably arose in an ac- 
cidental manner, for it is found that plants under cultivation 
are liable to produce certain variations or abnormal deviations 
from their specific type, or to sport , as it is termed. By further- 
cultivation under the care of the gardener, such variations are 
after a time rendered permanent, and can be propagated by seed. 
These so-called permanent varieties, however, if left to them- 
selves, or if sown in poor soil, will soon lose their peculiarities, 
and either perish, or return to their original specific type ; it will 
l>e seen, therefore, that races present well-marked characters 
by which they are distinguished from true species. Hence, 
although our cereal grains and culinary vegetables have become 
permanent varieties by ages of cultivation and by the skill of 
the cultivator, they can only be made to continue in that state 
by a resort to the same means, for if left to themselves they 
would, as just observed, either perish or revert to their original 
specific type ; and hence we see also, how important is the as- 
sistance of the agriculturist and gardener in perpetuating and 
improving such variations. 

Another cause, which leads to constant variations from the 
specific type, is hybridisation. The varieties thus formed, 
which are called hybrids or cross-breeds , are, however, rarely 
transmitted by seed — although, in some instances, such is the 
case for a few generations — but they gradually revert to one or 
the other parent stock. (See Hybridisation.) 

We have now seen that species, under certain circumstances, 
are liable to variations, but that all such varieties have a ten- 
dency to revert to their original specific type. Hence species 
must be considered as permanent productions of Nature, which 
are capable of varying within certain limits, but in no cases 
capable of being altered so as to assume the characters of 
another species. * There is not the slightest foundation for the 
theory, which has been advocated by some naturalists, of a 
transmutation of species. All such statements, therefore, that 
have been made, of the conversion of Oats into Rye, or of 
any species whatever into another, are entirely without founda- 
tion, and have arisen from imperfect observation. 

* The above views as to the nature of species and varieties are those 
which, until the last ftw years, have been almost universally entertained 
by naturalists, but they are opposed to those now more generally adopted, 
and which have been fully and most ably developed in Darwin’s work ‘On 
the Origin of Species,’ and in other volumes bv the same great observer. 
This author contends that species, so tar from being immutable, are liable 
to change of almost any extent — in fact, that plants, by the operation of 
causes acting over a long period of time, may become so altered, that they 
preserv 0 scarcely any apparent resemblance to those from which they were 
originally derived. 
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In practice it is very important that we should distinguish 
varieties from true species, for nothing is so calculated to 
lead to confusion in Descriptive Botany as the raising of mere 
varieties to the condition of species. No individuals should be 
considered as constituting a species unless they exhibit important 
and permanent distinctive characters in a wild state, and which 
can be perpetuated by seed. Great uncertainty still prevails in 
our systematic works as to what is a species and what is a 
variety ; and hence we find different authors, who have written 
on British and other plants, estimate the number of species con- 
tained in such genera as Rosa , Rnlm, s, Saxifra-ga , Hleracium , 
Salix, timilax, and others, very differently. 

2. Genera. — The most superficial observer of plants will 
have noticed that certain species are more nearly allied to each 
other than to other species. Thus, the different kinds of Roses, 
Brambles, Heaths, Willows, may be cited as familiar examples 
of such assemblages of species ; for, although the plants com- 
prehended under these names present certain well-marked dis- 
tinctive characters, yet there are at the same time also striking 
resemblances between them. Such assemblages of species are 
called genera. A genus , therefore, is a collection of species 
which resemble each other in general structure and appearance 
more than they resemble any other species. Thus, the various 
kinds of Brambles constitute one genus, the Roses another, the 
Willows, Heaths, Clovers, ami Oaks form also, in like manner, 
as many different genera. The characters of a genus are taken 
exclusively from the organs of reproduction, while those of a 
species are derived generally from all parts of the plant ; hence 
a genus is defined as a collection of species which resemble each 
other in the structure and general characters of their organs of 
reproduction. It is not necessary, however, that a genus 
should contain a number of species, for, if a single species pre- 
sents peculiarities of a marked kind, it may of itself constitute a 
genus. 

It frequently happens that two or more species of a genus 
have a more striking resemblance to each other in certain imjior- 
tant characters than to other species of the same genus ; in which 
case they are grouped together into what is termed a sub-genus. 

3. Orders. —If we regard collections of genera from the 
same point of view aB we have just done those of species, — 
that is, as to their resemblance or family likeness, — we shall 
find that some of them also resemble each other more than 
they do other genera. Thus, Mustards, Turnips, Radishes, and 
Cabbages have a strong common resemblance, while they are 
unlike Strawberries and Brambles ; and even less so to Hazels, 
Oaks, and Beeches ; and still more unlike Larches, Pines, Firs, 
and Cedars. Proceeding in this way throughout the Vege- 
table Kingdom, we collect together allied genera, and form 
them into groups of a higher order called Orders or Naiural 
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Orders ; hence, while genera are collections of related species, 
orders are collections of allied genera. Thus Mustards, Turnips, 
Radishes, and Cabbages, all belong to different genera, but 
they all agree in their general structure, and are hence included 
in the order Cruciferae ; while Strawberries, Brambles, Cinque- 
foils, Roses, Apples, Plums, and Almonds, are all different 
genera, but from the general resemblance they bear to each other 
in their structure, they are placed in one order, called Roaacese. 
Again, Oaks, Beeches, and Hazels are different genera, but they 
belong to one order ; also the Larches, Pines, and Cedars are 
different genera, but as the fruit of them all is a cone , they are 
grouped together in one order, which is termed the Coniferte. 

We find also that certain genera of an order, like certain 
species of a genus, have a more striking resemblance to each 
other than to other genera of the same order ; hence such are 
grouped together into what are called Sub-orders. Thus the 
Chicory, Dandelion, Sowthistle, Lettuce, Thistle, Burdock, and 
Chamomile, all belong to the same order, but there is a greater 
resemblance in the Chicory, Dandelion, Sowthistle, and Lettuce 
to each other than to the remaining genera. Hence, while all 
the above genera belong to the order Composite, they are at the 
same time placed in two different sub-orders. Thus, one sub- 
order, the Liguliflorm, includes the Chicory, Dandelion, Sow- 
thistle, and Lettuce ; and the other sub-order, the Tubuliflorse, 
that of the Thistle, Burdock, and Chamomile. In like manner, 
while we find the Almond, Cherry, Strawberry, Raspberry, Rose, 
Quince, and Apple, all belonging to the same order Rosacese, 
some of them have more resemblance to each other than to 
others. Thus, the Almond and Cherry have a drupaceous fruit, 
and are therefore placed in a distinct sub-order, which is called 
Amygdalene ; the Strawberry, Raspberry, and Rose, are much 
more like each other than they are to the Almond and Cherry, 
or to the Apple and Quince, hence they are put in a sub- order 
called Rosem ; while the Apple and Quince, from the character 
of their fruit, are placed in a sub-order termed Pomese. 

It is also found convenient at times to subdivide sub-orders 
into Tribes and Sub-tribes , by collecting together into groups 
certain very nearly allied genera, but it is not necessary for us 
to illustrate such divisions further, as the principles upon which 
they depend have been now sufficiently treated of. 

4. Classes. — By a class we understand a group of orders pos- 
sessing some important structural characters in common. Thus 
we have the classes Monocotyledones, Dicotyledones, and Aco- 
tyledones, which possess certain distinctive characters in their 
embryos, from which they derive their names ; as well as other 
important anatomical differences. 

The Classes are also divided into Sub-classes and other 
divisions, in the same manner as the orders and genera are thus 
subdivided ; but as such divisions vary in different systems, and 
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are all more or less artificial, it is not necessary for us, in this 
place, to dwell upon them further. The more important divi- 
sions of plants, and those which are found in all systems of clas- 
sification, are Classes, Orders, Genera, and Species. 

The following table will include all the groups we have al- 
luded to ; the more important and those of universal use being 
indicated by a larger type. 

1. Classes. 

Sub-classes. 

2. Orders or Families. 

Sub-orders. 

Tribes. 

Sub-tribes. 

3. Genera. 

Sub -genera. 

4. Species. 

Varieties. 

Races or Permanent Varieties. 

Henslow has taken as an illustration of these different divi- 
sions Anthyllis Vulneraria, thus: — 

1. Class 

Sub- class .... 

2. Order 

Sub-order 

Tube 

Sub- tribe .... 

3. Gen us 

Sub-genus 

4. Species . . * . 

Variety .... 

Race .... 


Dicotyledon? s. 

. ( \ilyciJlora \ 

Legnminosse. 

. Fapilionacese. 

. Lot? a. 

Genistese. 

Anthyllis. 

Vulneraria . 

Vulneraria. 

. Dillenii. 

, Flo r Hus coccineis. 


Characters. — By the term character, wo mean a list of all 
the points by which any particular variety , specie*) sub-genus , 
genus , sub-tribe , tribe , sub-order, order, sub-class, or class, is dis- 
tinguished from another. We have also two kinds of characters, 
which are called respectively essential and natuial. By an essen- 
tial character, we understand an enumeration of those points 
only by which any division of plants may be distinguished from 
others of the same nature ; such may be also called diagnostic 
characters. A natural character, on the other hand, is a complete 
description of a given species, genus, order, class, &e., including 
an account of every organ from the root upwards, through the 
stem, leaves, flowers, fruit, and seed. Such characters are 
necessarily of great length, and are not required for general 
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diagnosis, although of great value when a complete history of a 
plant or group is required. Those characters, again, which refer 
to a species, are called specific , and are taken generally from all 
the organs of the plant, and relate chiefly to their /orm, shape, 
surface , division , colour , dimension , and duration ; or, in other 
words, to characters of a superficial nature, and without reference 
to their internal structure. The characters of a genus are called 
generic , and are taken from the organs of reproduction. The 
characters of an order are termed ordinal , and are derived from 
the general structure of the plants in such groups, more especially 
of the organs of reproduction : while the characters of a class, as 
already mentioned, are derived from certain important structural 
peculiarities which the plants of such divisions exhibit. The 
essential character of a genus, when indicated in Latin, is put 
in the nominative case, while that of a species is placed in the 
ablative. 

Nomenclature. — a. Classes. — The names of the classes are 
derived from some important and permanent characters which 
they possess, relating either to their structure or mode of develop- 
ment. Such names vary, however, according to the views of 
different systematic botanists. Those more commonly used in 
this country, and which have been accordingly adopted in this 
work, are, Acotyledones, Monocotyledones, and Dicotyledones, 
— terms which, as we have already explained, are derived from 
the structure of the embryo in tiro three classes respectively. 
Other terms also in common use are derived from the absence 
or presence of a stem, and its mode of development : such are 
Exogens, Endogens, Acrogen3 or Cormophytes, and Thallogens 
or Thallophytes. The above names are used especially in what 
are called Natural Systems of Classification ; while the names 
of Classes in the Artificial System of Linnams are derived chiefly 
from the number and other characters presented by the stamens. 

b. Orders. — The names of the Orders in the Artificial System 
of Linnieus are chiefly derived from the pistil and fruit. Those 
of Natural Systems are usually taken from some well-known 
genus which is included in any particular order, and which may 
be regarded as the type of that order. Thus, the genus Rannn- 
culus gives the name Ranunculacese to the order to which it 
belongs ; the genera Papavcr, Malva , Hypericum , Geranium , 
Rosa, Lilium , Orchis , and Iris , in like manner, give names re- 
spectively to the orders Papaveraccae , Maleaeeae , Hypericacem , 
Geraniaceae , Rosace at, Liliaceie, Orchidacesr, and Iridacege. At 
other times, the names of the orders are derived from some cha- 
racteristic feature which the plants included in them present. 
Thus, the order Crucifertr is so named, because its plants have 
cruciate corollas ; the order Leguminosse comprises plants whose 
fruit is a legume ; the TJmbelUferae are umbel-bearing plants ; 
the Lahiatae have a labiate corolla ; the Goniferae are cone-bear- 
ing plants ; and so on. 
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c. Genera. — The names of the genera are derived in various 
ways : thus, either from the name of some eminent botanist, as 
Linusea after Linnaeus, Smithia after Smith, Hookeria after 
Hooker, Jussiaea after Jussieu, Tournefortia after Tournefort ; 
or from some peculiarity of structure, or habit of the plants 
comprised in them, and from various other circumstances. Thus, 
Crass ula is derived from the genus comprising plants witli suc- 
culent or thickened leaves ; Doitctria from presenting dentate 
roots ; Arenaria from growing in sandy places ; Lithospermum 
from its fruits having a stony hardness ; and so on. 

d. Species. — The names of the species are also variously derived. 
Thus, the species of the genus Viola , as shown by Gray, exhibit 
the origin of many specific names. ‘ Thus, specific names some- 
times distinguish the country which a plant inhabits, for ex- 
ample, Viola canadensis , the Canadian Violet ; or the station 
where it naturally grows, as Viola palustris , which is found in 
swamps, and VUda arcensis , in fields ; or they express some 
obvious character of the species, as Viola rostral a , where the 
corolla bears a remarkably long spur, Viola tricolor , which has 
tri-coloured flowers, Viola rotundi folia , with rounded leaves, 
Viola lanceolata , with lanceolate leaves, Viola / ndata , with 
pedately-parted leaves, Viola prvmvhefolia , where the leaves are 
compared to those of a Primrose, Viola asari folia , where they are 
likened to those of Asarmn , Viola pvbescens, which is hairy 
throughout, &c. Frequently the species bears the name of its 
discoverer or describer, as Viola Mnhhnhenjii , Viola Nnttallii, 
Arc.’ Specific names are written after the generic, as indicated 
above in the different species of the genus Viola , and these to- 
gether constitute the proper appellation of a plant. The specific 
names are also commonly adjectives, and agree in gender and case 
with the name of the genus. Thus, when a species is named after 
its discoverer or describer, it is usually placed in the genitive case, 
as Viola Mnldenbcrgii , V. Nuttallii , Ac ; but when such names 
are merely given in honour of botanists who have had nothing 
to do with their discovery or description, the specific names are 
usually put in the adjective form, as Carex Hookeriana, Veronica 
Lindleyana : such a rule is, however, frequently departed from. 
Sometimes the specific name is a noun, in which case it does not 
necessarily agree with the genus in gender ; such specific names 
are often old generic ones, as Dictamnus Fraxinella , Rhus Co- 
Hans , Lythrum Salicaria , Rhus Coriaria, Dianthns Armeria , 
Asclepias Vincetoxicum. In such cases the specific name should 
begin with a capital letter : a similar rule should also be adopted 
when it is derived from a person ; but in all other instances it is 
better that the specific name should begin with a small letter. 
The specific name was called by Linnaeus the trivial name ; thus, 
in the particular kind of Violet called Viola palustris, Viola is 
the generic, and palustris the specific or trivial name. 

Abbreviations and Symbols. — It is usual in botanical works 
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to use certain abbreviations and symbols. A few of the more 
important need alone be mentioned here. 

Abbreviations. — The names of authors, when of more than one 
syllable, are commonly abbreviated by writing the first letter or 
syllable, &c., as follows : — 

L. or Linn, means Linnaeus ; Juss. is the abbreviation for 
Jussieu; 1). C. or Ik Cand. for De Candolle ; Br. for Brown ; 
Lindl. for Lindley ; Rich, for Richard ; Willd. for Willdenow ; 
Hook, for Hooker ; With, for Withering ; Endl. for Endlicher ; 
Bab. for Babington ; Berk, for Berkley, Ac. , Ac. 

It is common to put such abridged names after that of the 
genus or species which has been described by them respectively. 
Thus E 'riocaulon, L. indicates that the genus Eriocavlon was first 
described by Linnaeus ; Miltonia, Lindl. is the genus Miltonia 
as defined by Lindley ; Nuphar pnmila, D. C. is the species of 
Nuphar defined by De Candolle, Ac., Ac. 

Other abbreviations in common use are Rad. for Root ; Caul. 
for stem ; FI. for flower ; Cal. for calyx ; Cor. for corolla ; Per. 
for perianth; Fr. for fruit ; Ord. for order ; Gen. for genus ; tip. 
or Spec, for species ; Var. for variety ; Herb, for herbarium, Ac. 
Again, — 

Y. v. c. ( Vidi vivam cnltani) indicates that the author has seen 
a living cultivated plant a« described by him. 

Y. v. s. (Vidi vivam spontaneam) indicates that the author has 
seen a living wild plant. 

V. s. c. ( Vidi decam adtam) indicates that a dried specimen of 
the cultivated plant has been examined. 

Y. s. s. ( Vidi siccam spontaneam) indicates that a dried specimen 
of the wild plant has been examined. 

Symbols. — The more important symbols are as follows : — 

0,0, O, or A, signifies an annual plant. 

O o, 0> or B, means a biennial plant. 

"2/, A, or P, signifies a perennial. 

J? or Sh. moans a shrub. 

T signifies a tree. 

( twining to the right ; ) twining to the left. 

$ a staminate flower. 

$> a pistillate flower. 

5 an hermaphrodite flower. 

$ - <j> a monoecious plant. 

$ : $ a dioecious species. 

§ $ 5 a polygamous species. 

O - signifies that the cotyledons are accumbent, and the radi- 
cle lateral. 

8 || Cotyledons incumbent, radicle dorsal. 

Cotyledons conduplicate, radicle dorsal. 
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O || II Cotyledons twice folded, radicle dorsal. 

O II II II Cotyledons three times folded, radicle dorsal. 

? The note of interrogation is used to indicate doubt or uncer- 
tainty as to the genus, species, locality, Ac. 

! The note of exclamation indicates certainty in the above par- 
ticulars. 

* The asterisk indicates that a good description is to be found at 
the reference to which it is appended. 


CHAPTER 2. 

SYSTEMS OF CLASSIFICATION. 

We have already stated that Systematic Botany has for its object 
the naming, describing, and arranging of plants in such a man- 
ner that we may readily ascertain their names, and at the samo 
time get an insight into their affinities and general properties. 
Every system that has been devised for the arrangement of plants 
does not, however, comprise all the above points : for, while 
some systems are of value simply for affording us a ready means 
of ascertaining their names ; others not only do this, but at the 
same time give us a knowledge of their affinities and properties. 
Hence we divide the different systems of Classification under two 
heads ; namely, Artificial and Natural, — the former only neces- 
sarily enabling us to ascertain readily the name of a particular 
plant ; while the latter, if perfect, should comprise all the points 
which come within the object of Systematic Botany. The great 
aim of the botanist, therefore, should be the development of a 
true Natural System ; but, in its day, the Artificial System of 
Linnaeus has been of great value, and even now, to those com- 
mencing the study of Botany without the aid of a teacher, it 
cannot but prove of essential service. Linnseus himself never 
devised his system with any expectation or desire of its serving 
more than a temporary purpose, or as an introduction to the 
Natural System, when the materials for its formation had been 
obtained. When used in this sense, the Artificial System of Lin- 
naeus may still be used with advantage as an index to the Natural 
System ; and hence we shall give presently a somewhat detailed 
description of its principal divisions. 

In both artificial and natural systems, the lower divisions — 
namely, the genera and species — are the same, the difference 
between the systems consisting in the manner in which these 
divisions are grouped into orders and classes. Thus in the Lin- 
ntean and other artificial systems, one, or, at most, a few charac- 
ters are arbitrarily selected, and all the plants in the Vegetable 
Kingdom are distributed under classes and orders according to 
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the correspondence or difference of the several genera in such 
respects, no regard being had to any other characters. The 
plants in the classes and orders of an artificial system have, 
therefore, no necessary agreement with each other except in the 
characters selected for convenience as the types of those divisions 
respectively. Hence such a system may be compared to a dic- 
tionary, in which words are arranged, for convenience of reference, 
in an alphabetical order, adjacent words having no necessary 
agreement with each other, except in commencing with the same 
letter. In the Natural System, on the contrary, all the charac- 
ters of the genera are taken into consideration, and those are 
grouped together into orders which correspond in the greatest 
number of important characters ; and the orders are again 
united, upon the same principles, into groups of a higher order, 
namely, the classes. While it must be evident, therefore that 
all the knowledge we necessarily gain by an artificial system, is 
the name of an unknown plant ; on the other hand, by the Na- 
tural System, we learn not only the name, but also its relations 
to the plants by which it is surrounded, and hence get a clue 
to its structure, properties, and history. Tims, supposing we 
find a plant, and wish to ascertain its name, if we turn to the 
Linn wan System, and find that such a plant is the Menyanthes 
trifoliata , this name is the whole amount of the knowledge we 
have gained ; but by turning to the Natural System instead, and 
finding that our plant belongs to the order Geutianacen ', we ascer- 
tain at once from its affinities that it must have the tonic and 
other properties which are possessed by the plants generally of 
that order, and, at the same time, we also learn that it accords 
in its structure with the same plants ; and hence, by knowing 
the name of a plant by the Natural System, we may at once learn 
all that is most important in its history. It is quite true that all 
the orders, as at present constituted, are by no means so natural 
as that of the Gentianaceee, but this arises from the present im- 
perfection of our systems, and can only be remedied as our 
knowledge of plants extends ; even a system, devised as perfectly 
as possible one day, may be deficient the next, in consequence of 
new plants being discovered which might compel us to alter our 
views, for at present the Floras of many regions of the globe are 
imperfectly, and of others, almost entirely unknown. Suffi- 
cient, however, is now known of plants to enable us to esta- 
blish certain great divisions according to a natural method, and 
which after discoveries are not likely to affect to any important 
extent. The present imperfections of the Natural System are, 
therefore, comparatively unimportant, and will no doubt 
disappear as our knowledge of the Flora of the globe becomes 
extended. 

Having now described the general characters upon which the 
artificial and natural systems depend, and the particular merits 
and disadvantages of the two classes of systems respectively, we 
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proceed in the next place to describe more particularly the 
principles upon which such systems are founded, commencing 
with those of an artificial nature. 

Section 1. Artificial Systems of Classification. 

The first artificial system of any importance, of which we have 
any particular record, is that of Umsalpinus, which was promul- 
gated in 1583. Only 1520 plants were then known ; and these 
were distributed into fifteen classes, the characters of which were 
chiefly derived from the fruit. The next systematic arrangement 
of an artificial character was that of Morison, about the year 1070. 
He divided plants into eighteen classes, which were constructed 
according to the nature of the flower and fruit, and the external 
appearance of the plant. The s 3 T steins of Hermann and others 
were also constructed upon somewhat similar principles, while 
that of Camellus was framed from the characters presented by the 
valves of the pericarp, and their number. In the system of 
Rivinus, which was promulgated in the year 1090, plants were 
divided into eighteen classes ; these were founded entirely upon 
the corolla — its regularity or irregularity, and the number of its 
parts being taken into consideration. The system of Christian 
Knaut was but a slight alteration of that of Rivinus. That of 
Tournefort, which was promulgated about the year 1095, was for 
a considerable time the favourite system of all botanists. About 
8000 species of plants were then known, which were distributed 
by Tournefort into twenty-two classes. He first arranged plants 
in two divisions, one of which comprised herbs and under-shrubs , 
and the other trees and shrubs ; and each of these divisions 
was then divided into classes , which were chiefly characterised 
according to the form of the corolla. Many other systems were 
devised which were simply alterations of the foregoing, as that 
of Pontedera. Magnolius, however, framed a system entirely 
on the calyx ; while Gleditsch attempted one in which the classes 
were founded on the position of the stamens. All the above 
systems were, without doubt, useful in their day, and paved the 
way for the more comprehensive one of Linineus, which, being 
still in use to some extent, requires to be particularly examined. 

Linnafan System. — This celebrated system was first pro- 
mulgated by Linnaeus in his ‘ Systema Naturae, * published in 
the year 1735. It has been somewhat altered by subsequent 
botanists ; but, in its essential characters, the Linnsean System, 
as now adopted, is the same as that devised by the great Linmeus 
himself. In describing this system we shall adopt the arrange- 
ment of the present day. 

The classes and orders in the Linnman System are taken ex- 
clusively from the essential organs of reproduction, the sexual 
nature of which Linnteus had clearly established : hence this 
artificial scheme is commonly termed the Sexual System. 

D D 
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Classes . — In this system plants are at first divided into Flow- 
ering and Flowerless, the latter of which constitute a class by 
themselves, under the name of Cryptogamia ; while the former, 
called the Phanerogamia, are divided into twenty-three classes — 
the characters of twenty of these depend upon the number, posi- 
tion, relative length, and connection of the stamens ; while those 
of the other three are derived from their unisexual flowers. 
The names by which the classes are characterised are all 
derived from the Greek, and express their distinctive peculi- 
arities. 

The first eleven classes comprise all hermaphrodite flowers, 
the stamens of which are all distinct from each other, and about 
the same length, or, at all events, neither didynamous nor tetra- 
dynamous. The individual classes are distinguished by the ab* 
solute number of such stamens, and their names are formed by 
the combination of the Greek numeral expressing the number, 
with the termination and r La , meaning man or male, in refer- 
ence to their function in the process of fertilisation. Thus : — 

Class 1. Monandria , includes all plants which have but one 
stamen to the flower, as Hippuris (Jig. 407), and 
Centranthns (Jig. 490). 

Class 2. THaadria , those having flowers with two stamens, as 
the Ash (Jig. 29), Lilac, and Cire&a (Jig. 777). 

Class 3. Triandria, those with three stamens, as in many 
Grasses, Valerian (Jig. 489), and Iris. 

Class 4. Tetrandria , those with four stamens, as the Holly, 
Plantain, and Epimedinm. 

Class 5. Pentandria , those with five stamens, as the Cowslip, 
Nightshade, and Vine (Jig. 513). 

Class 6. Hexandria , those with six stamens, as the Tulip (Jig. 

518), and plants generally of the Lily Order. 

Class 7. Heptandria, those with seven stamens, as the Horse- 
chestnut (Jig. 906), and Trientalis. 

Class 8. Octandria , those with eight stamens, as the Heath, Ivy, 
and Rue (Jig. 573). 

Class 9. Emteandria, those with nine stamens, as the Flowering 
Rush (Jig. 585), and Rhubarb. 

Class 10. Decandria, those with ten stamens, as the Pink and 
Sedutn (Jig. 776). 

Class 11. Dodecandrla. This class includes all plants which 
have flowers containing from twelve to nineteen 
stamens, as the Asarabacca and Mignonette. 

The two succeeding classes include plants with hermaphrodite 
flowers having twenty or more distinct stamens, which vary as 
to their mode of insertion ; but the names of the classes are 
not here exactly descriptive. Thus : — 

Class 12. Icosamiria (literally, twenty stamens), includes all 
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plants which have twenty or more stamens in- 
serted on the calyx or perigynons ; as in the Cherry, 
and most other plants of the Rose Order (Jig. 539). 
Class 13. PoJyandria (literally, many stamens), those which have 
twenty or more stamens inserted on the thalamus — 
that is, hypogynom ; as in the Buttercup (Jig. 859), 
Clematis, Poppy, and Anemone. 

The characters of the two succeeding classes depend upon the 
relative length of the stamens, the flowers being also herma- 
phrodite ; thus : — 

Class 14. Didynamia , includes plants with four stamens to the 
flower, two of which are long and two short, — or, in 
other words, didynamous , as in the Foxglove (Jig. 
554), and Dead-nettle. 

Class 15. Tetradynamia , includes plants with six stamens, of 
which four are long and two short — or, in other 
words, idradynamona ; as in the Wallflower (Jig. 25) 
and Cruciferous plants generally. 

The names of the two latter classes are derived from the 
Greek and signify in the former class that the two longer, and 
in the latter class that the four longer, stamens, are more power- 
ful than the shorter. 

The three next classes are characterised by the cohesion 
or union of the stamens by their filaments into one or more 
bundles. Their names are derived from the combination of 
the Greek numeral expressing the number of bundles with the 
termination adeiphici or brotherhood, which is used metaphori- 
cally for a bundle ; thus : — 

Class 16. M onaddpliia , includes all plants having flowers the 
stamens of which are united by their filaments into 
one bundle or brotherhood, as in those of the Mallow 
(Jig. 544), and Wood-Sorrel (Jig. 545). 

Class 17. Diaddphia y those with the filaments united into two 
bundles, as in the Pea (Jig. 547), and many other 
Papilionaceous flowers, and Fumitory (Jig. 786). 
Class 18. Polyaddphia , those with the filaments united into more 
than two bundles, as in the St. John’s-wort (Jig. 
549), Castor Oil Plant, and Orange (Jig. 548). 

In the next class the character is taken from the union of 
the anthers, and the name is derived from two Greek words 
signifying to grow together ; thus : — 

Class 19. tiyngenebUi, includes all plants the flowers of which 
have their anthers united into a tube or ring, 
the filaments being usually distinct, as in all 
Composite plants (Jig. 543). 

j> n 2 
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The character of the next class is founded on the union of the 
andrcecium to the gynoecium. 

Class 20. Gynandria. This includes all plants with flowers in 
which the androecium and gynoecium are united 
together into one column, as in the Orchis Order 
(fig. 541), and Birthwort (fig. 542). 

The name of this class is derived from two Greek words, one 
of which gynia , in combination gyn , is used for gynoecium ; 
and the other, andria , as already mentioned, means male or 
stamen. 

In the preceding twenty classes the flowers all contain both 
an androecium and a gynoecium. In the three following classes 
the andrcecium and gyncecium are in separate flowers, either on 
the same plant, or on two or more different plants of the same 
species ; thus : — 

Class 21. Momrcia, includes plants in which the androecium and 
gyncecium are in separate flowers, but on the sam c 
individual, as in the Euphorbia, Oak, and Aium 
(fig. 308). The name is derived from the Greek, 
and signifies one household. 

Class 22. Liacia , includes plants in which the androecium and 
gyncecium are in separate flowers, situated on 
different individuals of the same species, as in the 
Willow (figs. 410 and 411), Hop, and Hemp. The 
name signifies literally two households. 

Class 23. Polygamia , includes plants which have an androecium 
and gyncecium, separate in some flowers and united 
in others, and either on the same or on two or three 
different individuals of the same species, as in 
some Palms. The name is derived from the Greek, 
and signifies many marriages. 

The last class includes all Flowerless Plants, in which the 
essential organs are said to be concealed ; hence its name 
Cryptogamia (page 9). 

Class 24. Cryptogamia. This includes the Filices (figs. 12, 13, 
and 792-795, Equisetaceae (figs. 11 and 799-801), 
Marsileacere (figs. 802-806), Lycopodiaceie (figs. 10 
and 807-810), Musci (figs. 8, 9, and 814-816), 
Hepaticacese (figs. 820-822), Fungi (figs. 825-838), 
Lichenes (figs. 839-843), Characese (figs. 844- 
848), and Algse (figs. 5 and 849-857), all of which 
plants are distinguished by being flowerless, and 
having their organs of reproduction more or less 
concealed. 

Orders — The above classes are subdivided into Orders as 
follows : — 
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The orders in the first thirteen classes, from Monandria to 
Polyandria, are founded on the number of styles, or of the 
stigmas if the styles are absent. Their names are derived from 
the combination of the Greek numeral expressing the number, 
with the termination gynia , meaning woman or female, in refer- 
ence to the function of the gynoecium in the process of fertili- 
sation. 

Order 1. Monogynia , includes all plants of any of the first 
thirteen classes which have but one style to each 
flower, as the Privot, Speedwell, and Primrose 
(Jig. 576). 

Order 2. Digynia , includes those having flowers with two 
styles, as in most Grasses and Dianthas (Jig. 597). 
Order 3. Trigynia , those with three styles, as 8 ilene and Emnex 
(fi<J- 645). 

Order 4. Tetrayynia, those with four styles, as the Holly and 
Bogina. 

Order 5. Pentagynia , those with five styles, as Flax, Hellebore, 
Cerasthim (Jig. 028), and Columbine. 

Order 6. Hexagynia , those with six styles, as Adinocarpus, 
Bntomus (Jig. 887), and Drosera. 

Order 7. Heptagynia , those with seven styles. No examples 
among British Plants. 

Order 8. Odagynia , those with eight styles. No examples 
among British Plants. 

Order 9. Enneagynia , those with nine styles. No examples 
among British Plants. 

Order 10. Decay ynia, those witli ten styles. No examples 
among British Plants. 

Order 11. Dodecagynia , those with eleven or twelve styles, as in 
the common Houseleek. 

Order 12. Poly gynia, those with more than twelve styles, as in 
the Rose, Buttercup, Strawberry (Jig. 000), Ane- 
mone, and Clematis (Jig. 782). 

The 14th class, Didynamia , is divided into two orders, the 
characters of which are derived from the structure of the seed- 
vessel, namely : — 

Order 1. Gymnospermia. This term is derived from two Greek 
wc rds, and signifies naked seeds , because the single- 
seeded fruits (achsenia) of these plants were mis- 
taken by Linnseus for seeds. This order includes 
the Dead-nettle and other Labiate plants. 

Order 2. Angiospermia. This name is derived from the Greek, 
and means seeds in a vessel. It includes those 
plants in which numerous seeds are enclosed in an 
evident seed-vessel or pericarp, which is commonly 
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two-celled, as in the Foxglove and Snapdragon 
(Jig. 621). 

The 15th Class, Tetradynamia , is also divided into two orders, 
which are in like manner characterised by the nature of the fruit 
as follows : — 

Order 1. SiUcvloxa ; the fruit a Silicula or short pod, as in the 
Shepherd’s Purse, Sea Kale, and Scurvy-grass 
(fig. 700). 

Order 2. Silupiosa ; the fruit a Siliqua or long pod, as in Mus- 
tard, Stock, and Wallflower (fly. 077). 

The orders of the Kith, 17th, and 18th Classes are distin- 
guished by the number of stamens, and have names, therefore, 
similar to the first thirteen Classes. The number of stamens is, 
however, never less than three. Thus : — 

Order 1. Triandria, with three stamens, as in Tamarind. 

Order 2. Pentandria, with live stamens, as in Erodium and 
Past>i flora. 

Order 3. Ilexandria , with six stamens, as in Fumitory (fly. 780). 
Order 4. Hiptamlria , with seven stamens, as in Pelargonium. 
Order 5. Odandria, with eight stamens, as in Polyyala. 

Order 0. J kcandria , with ten stamens, as in the Sweet Pea 
(fig. 547), Vetch, and many other Papilionaceous 
flowers. 

Order 7. Dodecandria , with tw r elve to nineteen stamens, as in 
the Orange (fly. 548). 

Order 8. Polyandries with twenty or more stamens, as in the 
Mallow r (fly. 544) and St. John’s- wort (fly. 549). 

In the 19th Class, Sywycnetia, we have five orders the names 
and characters of w T hich are as follows : — 

Order 1. Polyyam ia seqnalis. This includes those plants in 
which the florets of the capitula are all perfect 
or hermaphrodite, as in Lettuce, Chicory, and 
Dandelion. 

Order 2. Polyyamia mperflna , where the florets of the disk or 
centre of the capitula are hermaphrodite, and those 
of the ray or of the margin pistillate, as in the 
Daisy, Elecampane, and Chamomilo. 

Order 3. Polyyamia f rust ranea, where the florets of the disk are 
hermaphrodite, while those of the ray are neuter, 
as in Centavrea , the only British genus which pre- 
sents this structure. 

Order 4. Polyyamia necessaria , where the florets of the disk 
are staminate, while those of the ray are pistillate, 
as in the Marigold. 
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Order 5. Polygamia segregate where each flower or floret of the 
capitulum has an involucre of its own, as in the 
Globe-thistle. The last two orders do not include 
any British plants. 

The Orders in the 20th, 21st, and 22nd Classes are founded 
on the number and union of the stamens ; as such characters 
are not taken into consideration in the definition of these Classes. 
Thus : — 

Order 1. Monandria, with one stamen, as in the genus Orchis 
and many other Orchidaceous plants. 

Order 2. Dunidria , with two stamens, as in the Venus’ 
Slipper. 

Order 3. Triamlria, with three stamens, as in the plants of the 
genus Citrcx and Typha. 

Order 4. Tin nutria, with four stamens, as in the Box, Alder, 
and Nettle. 

Order 5. Pmtandria , with five stamens, as in the common Hop 
and Bryony. 

Order 0. Jlexandria , with six stamens, as in the Birtliwort and 
Black Bryony. 

Order 7. Ortandria , with eight stamens, as in the Poplar. 

Order 8. Eaneandria , with lime stamens, as in Mcrcurialis and 
Ifydroclunis. 

Order 1). Derail dr ia, with ten stamens. 

Order 10. Dodrrandria, with twelve stamens, as tdtratiotes. 
Order 11. Polyandria , with numerous stamens, as in Poterium 
and Sagittaria . 

Order 12. Monadelphia , with the stamens united into one 
bundle, as in the Yew, Juniper, and Fir. 

Order 13. Pohjadclphia , with the stamens in several bundles, as 
in the Castor Oil Plant. 

The Orders in the 23rd Class, Polygamia , are three, namely : 

Order 1. Monaecia , with staminate, pistillate, and hermaphro- 
dite flowers on the same plant, as in Alriplex , the 
only British genus comprised in this Class. 

Order 2. Diaria, with hermaphrodite flowers on one plant, and 
staminate and pistillate flowers on another plant 
of the same species, as in Hippophae. 

Order 3. Triad a, where one plant bears hermaphrodite, another 
staminate, and a third pistillate flowers. 

The Orders of the 24th Class, Cryptogams, are natural, and 
will be described under their respective heads in treating of the 
Natural System. These orders have been already referred to 
under the head of Cryptogamia (page 404). 

The following table of the Classes and Orders of the Linnssan 
System will show at a glance their distinctive peculiarities. 
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Section 2. Natural Systems of Classification. 

The object of all natural systems, as already noticed (page 
400), is to group together those plants which correspond in the 
greatest number of important characters, and to separate those 
that are unlike. The mode in which this has been attempted 
to be carried out varies according to the particular views of 
botanists as to the relative value of the characters furnished by 
the different organs of plants ; but it must be evident to those 
who desire to arrange plants according to their natural affini- 
ties, that those systems of classification will be the most natural 
in which the organs of the highest value, and those least liable 
to change, are especially relied on in the determination of the 
affinities of plants. 

Taking these principles as our guide, we should regard the 
organs of reproduction as of the highest importance, and we find 
accordingly that while some plants have flowers with evident 
sexes, others have no flowers, and their sexual organs are more 
or less concealed ; hence the former are called Phanerogamous 
or Pluenogainous. and the latter Cryptogamous. The andrcecium 
and gyiKeeium are of the first importance amongst the reproduc- 
tive organs, because they are essential to the formation of the 
seed of flowering plants ; while the antheridia and archegonia 
may be considered as possessing about the same importance 
among flowerless plants. The structure of the embryo is also of 
primary importance, as it contains within itself in a rudimentary 
condition all the essential organs of a plant. Hence, according 
to its presence or absence, we separate plants into two great divi- 
sions called Cotyledonous and Acotyledonous ; the former being 
propagated by true seeds, in which the embryo possesses one or 
more cotyledons, a radicle, and a plumule ; while the latter are 
propagated by spores in which we can discover no such dis- 
tinction of parts. Again, as Cotyledonous plants vary in the 
number of their cotyledons, these are further divided into two 
classes — those possessing one cotyledon being called Monocoty- 
ledonous, and those with two Dicotyledonous. 

Next in importance comes the presence or absence of an 
ovary, as such a difference is accompanied by essential structural 
and functional peculiarities, and we have thus the two great 
divisions of Angiospermous and Gymnospermous plants. 

Next in value is the growth and internal structure of the 
axis. Thus, the mode in which the root is produced in germi- 
nation furnishes us with three characters, called respectively 
Heterorhizal, Endorhizal, and Exorhizal. The growth and in- 
ternal structure of the stem also supplies us with three well- 
marked characters, called Acrogenous, Endogenous, and Exo- 
genous ; while those plants which have no stem are termed 
Thallogenous. 
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Next to the axis we place the leaf, which, as regards vena- 
tion, presents three distinctive characters : thus, in Acrogonous 
plants the leaves or fronds have commonly a forked venation ; 
those of Endogenous plants are parallol-veined ; while those of 
Exogenous plants are net-veined or reticulated. Again, stem- 
less plants have no true leaves, but produce a Rattened cellular 
expansion or thallus, which is veinless. 

Next to the leaves must he placed the floral envelopes, which, 
as regards the number of their parts, are usually ternary in 
Monocotyledonous ; and quinary or quaternary in Dicotyledon- 
ous plants. Lindley remarks, that 4 the floral envelopes seem to 
be unconnected with functions of a high order, and to be de- 
signed rather for the decoration of plants, or for the purpose of 
giving variety to the aspect of the vegetable world ; and, conse- 
quently, their number, form, and condition, presence or absence, 
regularity or irregularity, are of low and doubtful value, except 
for specific distinction. There seems, indeed, reason to expect 
that every natural order will, sooner or later, be found to contain 
within itself all the variations above alluded to.’ 

The presence or absence of bracts, as well as their appear- 
ance and general arrangement ; and the characters derived 
from the different modes of inflorescence, are even of less value 
than those of the floral envelopes, and must be considered, 
therefore, as occupying the lowest place in our series of the 
relative value of characters furnished by the organs of plants. 

Such are the general principles which should be attended to 
by those who arrange plants according to their natural affinities ; 
but it must be borne in mind, that even in the best devised 
natural systems there must be, (at least at present), much that is 
artificial, so that all that we mean by a Natural System is, that 
it expresses, as far as is possible only, the arrangement of plants 
according to their natural affinities. (See page 400.) This imper- 
fection of our natural systems necessarily arises from our incom- 
plete knowledge of existing plants ; for as our acquaintance with 
new species is becoming every day extended, our views are lia- 
ble to be modified or changed, and even supposing plants be ever 
so naturally arranged, we should be still unable to place them 
in a linear series, for ‘Different groups touch each other at 
several different points, and must be considered as alliances con- 
nected with certain great centres. We find also that it is by no 
means easy to fix the limits of groups. There are constantly 
aberrant orders, genera, and species, which form links between 
the groups, and occupy a sort of intermediate territory. In 
this, as in all departments of natural science, there are no sud- 
den and abrupt changes, but a gradual transition from one 
series to another. Hence exact and rigid definitions cannot be 
carried out. In every natural system there must be a certain 
latitude given tc the characters of the groups, and allowances 
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must be made for constant anomalies, in so far as man’s defini- 
tions are concerned.’ 

Natural Systems. — We now proceed to give an abstract of 
the more important natural systems. The first attempt at 
arranging plants according to their natural affinities was by 
our celebrated countryman, John Ray, in the year 1(582 ; and 
imperfect as any scheme must necessarily have been at that day, 
when the number of plants known was very limited, still his 
arrangement was in its leading divisions correct, and has formed 
the foundation of all succeeding systems. He divided plants 
thus : — 

1. Flowerless. 

2. Flowering ; these being again subdivided into 

a. Dicotyledons. 

b. Monocotyledons. 

Ray still further grouped plants together into genera, which were 
equivalent to our natural orders, many of which indicated a true 
knowledge of natural affinities, and are substantially represented 
at the present day by such natural orders as the Fungi, Musci, 
Filices, Coniferm, Labiatoe, Composite, Umbelliferte, and Legu- 
minosae. 

Next in order was the scheme propounded by the celebrated 
author of the most perfect artificial system ever devised for the 
arrangement of plants, namely, Linnaeus, who, about the year 
1751, drew up a sketch of the natural affinities of plants under 
the name of Fragments. Many of the divisions thus prepared by 
Linnaeus are identical with natural orders as at present defined, 
among which we inay mention Orchideae, Gramina, Composite 
nearly, Umbellatae, Asperifoliee, Papilionaceae, Filices, Musci, 
and Fungi. 

Jussieu’s Natural System. — To Antoine Laurent de Jussieu, 
however, belongs the great merit of having first devised a com- 
prehensive natural system. His method was first made known 
in the year 1789. It was founded upon the systems of Ray and 
Toumefort, to which he made some important additions, more 
especially in considering the position of the stamens with respect 
to the ovary. The following table, which requires no explanation, 
represents his arrangement. 
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Acotyledons 

Monocotyledons 


pApetalae 


j Stamens hypogynous. 
•1 Stamens perigynous. 
(Stamens epigynons. 

I Stamens epigynoiis. 

-I Stamens perigynous. 
(Stamens hypogynous. 


Class. 

1. Acotyledones. 

2. Monohypogynse, 

3. Monoperigynie. 

4. Monoepigyme. 

5. Epistamineie. 

6. Peristaminem. 

7. Hypostaminea). 



Monopetaloe 


/Corolla hypogynous. 8. Hypocorolhe. 
Corolla perigynous. 9. Pericorolhe. 

/10. Epicorollre Syn- 
antherm (anthers 
J coherent). 

^Corolla epigynous. [11. Epicorolhe Co- 
risantherm (an- 
v thcrs distinct). 


(Petals epigynous. 12. Epipetalm. 

Polypetalm \ Petals hypogynous. 13. Hypopetahe. 

( Petals perigynous. 14. Peripetahe. 

(Diclines irregulares 15. Diclines. 


Under these fifteen classes Jussieu arranged 100 natural orders 
or families. This was the first natural arrangement in which 
an attempt was made to assign characters to natural orders, but 
so admirably were these drawn up, that they have formed the 
basis of all succeeding systematists. Indeed, the limits of a 
great many of Jussieu’s natural orders are identical with those 
of the present day. 

De Candolle’s Natural System.- The next system of note 
after that of Jussieu, was that of Augustin Pyramus de Candolle, 
which was first promulgated in 1813. This system, modified, 
however, in soino important particulars, is that which is most 
in use at the jiresent day, and which, generally, in its essential 
divisions, we shall adopt in this volume. In the first place, I)e 
Candolle divided plants into two great divisions or sub-kingdoms, 
called Y asculares or Cotyledoneae, and Cellulares or Acotyledoneie, 
the characters of which are as follows : — 

Division 1. Vasculare .s, or Cotyledonex ; that is, plants possessing 
both cellular (parenchymatous) tissue and vessels ; 
and having an embryo with one or more cotyledons. 
Division 2. Cellulares , or Acotyledonex ; that is, plants composed 
of cellular (parenchymatous) tissue only ; and 
whose embryo is not furnished with cotyledons. 

The former division was again divided into two classes, called 
Exogense or Dicotyledonese, and Endogenm or Monocotyledoneae, 
the essential characters of which may be thus stated • — 
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Class 1. Exogenae,, or Dicoiyledonese ; that is, plants whose vessels 
are arranged in concentric layers, of which the 
youngest are the outermost and the softest ; and 
having an embryo with opposite or whorled cotyle- 
dons. 

Class 2. Endogenm, or Monocot yledoneae ; that is, plants whose 
vessels are arranged in bundles, the youngest being 
in the middle of the trunk ; and having an embryo 
with solitary or alternate cotyledons. 

These classes were again divided into sub-classes or groups. 
Thus, undor the Dicotyledonem were placed four groups, named 
Thalamifiorfie, Calyciflorae, Corolliflorra, and Monochlamydeae. 
Under the Monocotyledonem two groups were placed, called 
Phanerogam m and Cryptogams. The latter group, which in- 
cluded the higher Cryptogamia, was placed under Monocotyle- 
dones from a mistaken idea that the plants included in it pos- 
sessed an embryo of a somewhat analogous character to that of 
monocotyledonous plants. The Acotyledonene were also divided 
into two groups, called Foliosm and Apliylke. 

The following is a tabular view of Do Candolle’s system. 


Sub-kingdom 1. Vasculares, or Cotyledone.e. 

Class 1. Exogenae , or Dicotyledons ? . 

Petals distinct, inserted with 
the stamens on the tha- 
lamus. 

Petals distinct or more or 
less united, and inserted on 
the calyx. 

Petals united, and inserted on 
the thalamus. 

Having only a single circle of 
floral envelopes, or none. 

Class 2. Endogenac, or Monocot yledoneae. 

c , , - T >i I Fructification visible, regu- 

Sub-class 1. rhanerojami v < j ar ’ & 

n ri i I Fructification hidden, un- 

2. Cryptogam# j known , or irregular. 


Sub-class 1. Thai ami florae 

2. Calyciflorae 

3. Coroll [florae 

4. Monochlamydeae 


Sub-kingdom 2. C ellul ares, or Acotyledone^e. 


Sub-class 1. Folios* 
2. Aphyllae 


j Having leaf-like expansions, 
j and known sexes. 

| Having no leaf-like expan- 
| sions, and no known sexes. 
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Under these sub-classes De Candolle arranged 161 Natural 
Orders. The enumeration of these is unnecessary in an ele- 
mentary volume ; we shall content ourselves with mentioning a 
few only, as examples of the different groups. Thus, as examples 
of Thalamiflorse— Cruciferm, Caryophyllem, and Malvaceae; of 
Calyciflorse — Rosacete, Umbel lifer and Compositre ; of Corolli- 
fiorse — Convolvulacem, Solanem, and Labiatte ; of Monochlamy- 
dese — Polygonem, Urticeae, and Amentacete ; of Phanerogams — 
Orchidese, Irideae, and Graminea' ; of Cryptogams — Filices, 
Equisetacem, and Lycopodinem ; of Folioxa * — Musci and Hepa- 
ticse ; and of Aphylls — Lichenes, Fungi, and Algm. 

In this system it will be observed that De Candolle adopted 
the primary divisions of Jussieu, but he reversed tho order of 
their arrangement ; for instead of commencing with A cotyledons, 
and passing through Monocotyledons to Dicotyledons, lie began 
with the latter, and proceeded by the Monocotyledons to Aco- 
tyledons. 

Since the appearance of De Cand< die’s system numerous other 
arrangements have been proposed by botanists, as those of 
Agardh, Perleb, Dumortier, Hartling, Lindley, Schultz, Erulli- 
cher, and many others. As all these systems, with the exception 
of those of Lindley and Endlicher, were never much used, and 
are not adopted in great systematic works of the present day, it 
will be unnecessary for us to allude to them further. Rut the 
latter having been used in important systematic works, it will 
be advisable for us to give a general sketch of their leading cha- 
racters. 

Endlicher’s Natural System. — The system of Endlicher is 
adopted in his Genera Plaufttrum , published between the years 
3836-1840. The following is a sketch of this system. He first 
divided plants into two great divisions, which he denominated 
Regions, and named Thallophyta and Cormophyta. These were 
again divided into Sections and Cohorts, as follows : — 

Region 3. Thallophyta. Plants with no opposition of stem 
and root ; with no vessels and no sexual organs ; and 
with germinating spores lengthening in all direc- 
tions. 

Section 1. Protophyta. Plants developed without soil ; draw- 
ing nourishment from the element in which they 
grow ; and having a vague fructification ; as in 
Alg?e and Lichenes. 

Section 2. Hi iterophyta. Plants formed on languid or decay- 
ing organisms ; nourished from a matrix ; all the 
organs developing at once, and perishing in a 
definite manner ; as in Fungi. 

Region 2. Cormophyta. Plants with stem and root in opposite 
directions ; spiral vessels and sexual organs distinct 
in the more perfect. 
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Section 3. Acrobrya. Stem growing at the point only, the 
lower part being unchanged, and only used for 
conveying fluids. 

Cohort 1. Anophyta . Having no spiral vessels ; both sexes 
perfect ; spores free in spore* cases. Examples, 
Hepaticm and Musci. 

Cohort 2. Protophyta. Having vascular bundles more or less 
perfect ; male sex absent. Spores free in 
one- or many-celled s])ore-cases. Examples, 
Filices and Equisetacese. 

Cohort 3. H ysterophyta. Having perfect sexual organs ; 

seeds without an embryo, polysporous ; para- 
sitic. Example, Rhizanthese. 

Section 4. Amphibrya. Stem growing at the circumference. 

Examples, Graminese, Ldiaoem, lridacese, Orchi- 
dacere, and Palmaceoe. 

Section 5. Acramphibrya . Stem growing at both the apex 
and circumference. 

Cohort 1. Gyrmiospermir. Ovules naked, receiving impreg- 
nation immediately by the micropyle ; as m 
Conifers. 

Cohort 2. Apetatse. Calyx absent, rudimentary, or simple, 
calycine or coloured, free or united to the 
ovary. Examples, Cupuliferae, Urticacem, and 
Polygonese. 

Cohort 3. Gamopctalse. Both floral envelopes present, the 
outer calycine, the inner corolline, the latter 
being monopetalous ; rarely abortive. Ex- 
amples, Composite, Labiatfc, Scrophularinete, 
and Ericacem. 

Cohort 4. Dialypetakv. Both floral envelopes present, the 
outer being monosepalous or polysepalous, 
free or united to the ovary, calycine or some- 
times corolline ; the inner being corolline with 
distinct petals, or rarely cohering by means of 
the base of the stamens, and with an epigy- 
nous, perigynous, or hypogynous insertion ; 
rarely abortive. Examples, Umbelliferm, Ra- 
nunculacem, Cruciferm, Caryophylleee, Rosa- 
cese, and Leguminosse. 

Under these divisions Endlicher included 277 Natural Orders. 
After Jussieu, he commenced with the simplest plants and gradu- 
ally proceeded to the more complicated, placing those of the Legu- 
minosae at the highest point of the series. 

Lindley’s Natural System. — To Lindley especially belongs 
the merit of having been the first botanist who made any serious 
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attempt to introduce a natural arrangement of plants into 
use in this country. The first system proposed by him in 1830 
was but a slight modification of that of De Candolle. No attempt 
was made in this system to form minor groups or divisions of 
the tribes ; but in 1833, in a new system, Lindley arranged the 
natural orders in groups subordinate to the higher divisions, 
which were called Nixus (tendencies). These primary divisions 
were again divided into Sub-classes, Cohorts, and Nixus or 
groups of nearly allied Natural Orders. In 1838, Lindley again 
altered his arrangement so far as regarded Exogens ; and finally, 
in the year 1845, further modified his views, and proposed the 
following scheme, which is that adopted by him in his great 
work on ‘The Vegetable Kingdom.’ 

LINDLEY’S NATURAL SYSTEM. 

1. Asexual, or Flowerless Plants. 

Stem and leaves undistinguishable . Class 1. Thallogens. 

Stem and leaves distinguishable . . Class 2. Acrogens. 

2. Sexual, or Flowering Plants. 

Fructification springing from a thallus Class 3. Rhizogens. 
Fructification springing from a stem. 

Wood of stem youngest in the 
centre ; cotyledon single. 

Leaves parallel veined, perma- 
nent ; wood of the stem always 
confused ..... Class 4. Endogens. 
Leaves net-veined, deciduous ; 
wood of the stem, when peren- 
nial, arranged in a circle with a 

centra] pith .... Class 5. Dictyogens. 
Wood of stem youngest at the circum- 
ference, always concentric ; co- 
tyledons two or more. 

Seeds quite naked . . . Class G. Gymnogens. 

Seeds enclosed in seed vessels . Class 7. Exogens. 

The Exogens were further divided into four sub-classes thus: — 

Sub-class 1. Diclinous Exogens , or those with unisexual flowers, 
a id without any customary tendency to form 
hermaphrodite flowers. 

Sub-class 2. Hypogynous Exogens , or those with hermaphrodite 
or polygamous flowers ; and stamens entirely 
free from the calyx and corolla. 

Sub-class 3. Perigynous Exogens , or those with hermaphrodite 
or polygamous flowers, and with the stamens 

E E 
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growing to the side of either the calyx or corolla ; 
ovary superior, or nearly so. 

Sub-class 4. Epiyymus Exogmis, or those with hermaphrodite or 
polygamous flowers, and with the stamens grow- 
ing to the side either of the calyx or corolla ; 
ovary inferior, or nearly so. 

Neither of the other classes are divided into sub-classes, but 
of Endogens four sections are distinguished thus : — 

1. Flowers glumaceous (that is to say, composed of bracts not 

collected in true whorls, but consisting of imbricated 
colourless or herbaceous scales). 

2. Fowers petaloid, or furnished with a true calyx or corolla, or 

with both, or absolutely naked ; unisexual (that is, having 
sexes altogether in different flowers, without half-formed 
rudiments of the absent sexes being present). 

3. Flowers furnished with a true calyx and corolla ; adherent to 

the ovary ; hermaphrodite. 

4. Flowers furnished with a true calyx and corolla, free from 

the ovary ; hermaphrodite. 

Under the above classes Lindley includes 303 Natural 
Orders, which are arranged in fifty-six groups subordinate to 
the sections, sub-classes, and classes, and which are termed 
Alliances. 

Bentham and Hooker’s System. — A new ‘Genera Plantarum, 5 
by Bentham and Hooker, is also now in course of publication, 
in which a new arrangement is adopted. Its essential features 
are as follows : — 

Sub-kingdom 1. Phanerogamia. 

This is subdivided into two classes and other divisions thus : — 

Class 1. Dicotyledones. 

Sub-class 1. Arujiospermex. 

Division 1. PolypetaUr. Sories 1. Thalamiflorm ; 2. Disci- 
flone ; 3. Calyciflorm. 

Division 2. Monupetalx. Series 1. Epigynse ; 2. Hypo- 
gynae v. Perigynse. 

Division 3. ApdaUc. Series 1. Hypogynm ; 2. Epigynm 
v. Perigynaa. 

Sub-class 2. Gymnospermex. 

Class 2. Monoootyledones. Series 1. Epigynm ; 2. Corona- 
ries ; 3. Nudiflone ; 4. Glumales. 

Sub-kingdom 2. Cryptogamia. 

This includes two classes as follows : — 
plass 3. Acrogens. 
the "lass 4. Thallogens. 
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The only division in the above system which requires special 
explanation is the series Discifiom ; this includes all polypetalous 
hypo^ynous orders in which there is an evident series ot glands 
or hypogynous disk, upon or between which the stamens are 
placed. The system is fully explained in the English edition of 
Le Maout and Decaisne’s 1 General System of Botany/ which 
is edited bv Hooker. The Monocotyledones are arranged as ex- 
plained in Bentham’s paper on the Classification of Monocotyle- 
dons, published in the ‘Journal of the Linnean Society * for No- 
vember 1876. 

Besides the above systems, others are now muoli used in Ger- 
many, as that of A. Braun of the Phanerogamia ; and that of 
Sachs of the Crvptogamia. These are fully explained in Sachs’s 
c Text Book of Botany,’ translated by Bennett and Dyer. 

Natukal System adopted in this Manual. — The natural 
arrangement adopted in this volume, which is founded upon the 
systems of Jussieu, De Candolle, and Lindley, — that of Be Can- 
dolle being the basis, is as follows : — 

The Vegetable Kingdom is first divided into two sub-king- 
doms, namely: — Phanerogamia, Flowering, or Cotyledones ; and 
Cryptogamia, Flowerless, or Acotyledones. 

Sub-kingdom 1. Phanerogam ia. — This includes plants which 
have evident flowers ; and which are propagated by seeds con- 
taining an embryo with one or more cotyledons. 

Sub-kingdom 2. Cryptogamia, contains those plants which 
have no flowers ; and which are propagated by spores, and are 
therefore acotyledonous. 

The Phanerogamia is divided into two classes, and other 
sub-divisions, thus : — 

Class 1. Diootyledones, in which the embryo is dicotyledonous ; 

the germination exorhizal ; the stem exogenous ; 
the leaves with a reticulated venation ; and the 
flowers with a quinary or quaternary arrangement. 
In this class we have two divisions. 

Division 1. Aiufiospermia , in which the ovules are enclosed 
in an ovary ; and are fertilised indirectly by the 
action of the pollen on the stigma. In this divi- 
sion we have four sub-classes : — 

Sub-class 1. Thalamiflonv, that is, plants with flowers 
usually furnished with both a calyx and co- 
rolla ; the latter composed of distinct petals 
inserted on the thalamus ; stamens hypogy- 
nous, or adherent to the sides of the ovary, 
that is, arising directly from the thalamus, or 
placed on the outside of an hypogynous disk. 

Sub-class 2. Calycifiora s. — Flowers having usually a calyx 
and corolla ; the latter mostly with distinct 
k e 2 
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petals, and inserted on the calyx ; stamens 
either perigynous or epigynous. This sub* 
class has two sub-divisions : — 

1. Perigyne , in which the calyx is free, or nearly so ; 

the stamens usually perigynous ; and the ovary 
superior. 

2. Epigyne, in which the calyx is more or less adherent ; 

and the ovary inferior. 

Sub-class 3. Corolliflore . — Flowers having both a calyx 
and corolla ; the latter with united petals ; 
stamens inserted on the corolla or ovary, or 
free and arising from the thalamus. Of this 
sub-class we have three sub-divisions : — 

1. Epigyne, in which the calyx is adherent ; and the 

ovary consequently inferior. 

2. Ilypostaminee , in which the stameiiB are inserted on 

the thalamus, and do not adhere to the corolla ; and 
the ovary superior. 

3. Epipetale or Epi coroll in which the corolla arises 

from the thalamus, and has the stamens attached to 
it ; and the ovary superior. 

Sub-class 4. Monochlamydee, Apetale , or Incomplete . — 
Flowers either having a calyx only, or with- 
out both calyx and corolla. 

Division 2. Gymnospermia , in which the ovules are naked or 
not enclosed in an ovary, and are fertilised 
directly by the action of the pollen. 

Class 2. Monocotyledon eh, in which the embryo is monoco- 
tyledonous ; the germination endorhizal ; the stem 
endogenous ; the leaves usually with a parallel vena- 
tion ; and the flowers with a ternary arrangement. 
In this class we have two sub-classes : — 

Sub-class 1 . Petaloidee or Floridsc . — Leaves with a parallel 
venation, or rarely reticulated, permanent, or 
occasionally deciduous ; floral envelopes (pe 
rianth) verticiilate and usually coloured, 
rarely scaly, and sometimes absent. This 
sub-class has three sub-divisions : — 

1. Epigyne, in which the flowers are usually herma- 

phrodite ; the perianth adherent ; and the ovary 
inferior. 

2. Hypogynee , in which the flowers are usually hermaphro- 

dite ; the perianth free ; and the ovary superior. 

3. Diclinesy in which the flowers are usually unisexual ; 

and the perianth either absent, or consisting of a 
few scales. 
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Sub-class 2. Qlnrmcese or Glumiferee . — Leaves parallel- 
veined. permanent ; flowers glumaceous, 
that is, having no proper perianth, but im- 
bricated bracts instead. 

The Cryptogamia constitutes a class by itself, thus : — 

Class 3. Acotyledones, are those plants which are propagated 
by spores, and are therefore acotyledonous, and have 
an indefinite or vague (heterorhizal) germination ; the 
stem is present or absent, in the former case, when 
woody, it is acrogenous ; the leaves are also either 
absent or present, in which latter case the veins are 
commonly forked ; they have no true flowers. This 
has two sub-classes : — 

Sub-class 1. Acrogeii ve or Cormophyta . — Plants with the 
stems and leaves distinguishable ; and pos- 
sessing stomata. 

Sub-class 2. ThalJoymcc or ThaJJophyta . — Plants with no 
distinction of stems and leaves ; stomata 
absent. 

The following is a tabular arrangement of the above system : — 
VEGETABLE KINGDOM. 

Sub-kingdom 1. Phanerogamia, Cotyledones, or Flowering 
Plants. 

Class 1. Dicotyledones. 

Division 1. Angiospermia. 

Sub-class 1, Thalami flora?. 

2. Calyciflone. 

1. Perigynre. 

2. Epigyme. 

3. Corolliflone. 

1. Epigynse. 

2. Hypostamineae. 

3. Epipetalfe or Epicorollee. 

4. Monochlamydeie, Apetalee, or Incomplete. 

Division 2. Gymnospermia. 

Class 2. Monocotyledones. 

Sub-class 1. Petaloideflp or Florida. 

1. Epigynse. 

2. Hypogynee. 

3. DiclineB. 

2. Glumacese or Glumiferse. 
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Sub-kingdom 2. Cryptogamia, Acotyledones, or Flowerless 
Plants. 

Class 3. Acotyledones. 

Sub -class 1. Acrogenae or Cormophyta. 

2. Thallogenae or Tliallophyta. 


CHAPTER 3. 

ARHANGEMENT, CHARACTERS, DISTRIBUTION, PROPERTIES, AND 
USES OF THE NATURAL ORDERS. 

Having now given a general sketch of the more important 
Natural Systems — especially of that one which we propose to 
follow in this volume — and described the characters of its divi- 
sions, we proceed to the description of the various natural orders 
as arranged by us under those divisions. Our attention will be 
chiefly directed to the principal orders, and especial importance 
will be given to their diagnostic characters, — or those only which 
are necessary for their distinction. In our notice of the natural 
systems, we have seen that some authors, as Jussieu, Endlicher, 
and Lindley, commence with the simplest forms of plants, and 
end with the most complicated ; while others, as Ray, De 
Candolle, and Bentham and Hooker, take an opposite course, 
and proceed from the most highly developed plants to the sim- 
plest. We have adopted the latter plan here, because the more 
highly developed plants are much better known than those of 
lower organisation, and are of more general interest to the 
majority of our readers. 

Sub-kingdom I. 

PHANEROGAMIA, COTYLEDONES, OR 
FLOWERING PLANTS. 

Class I. DICOTYLEDONES. 

Division I. Angiospermia. 

Sub-class I. Thalamiflorse. 

Natural Order 1 . Ranunculace^e, the Crowfoot or Butter- 
cup Order. — Character. — Herbs , or rarely climbing shrubs , 
with an acrid watery colourless juice. Leaves alternate or 
opposite, generally much divided (figs. 328, 320, and 366), or 
sometimes entire, with usually dilated and clasping petioles. 
Stipules generally absent, but if present always united to the base 
of the petiole. Calyx of 3 — 6, usually 5 (Jig. 858), distinct sepals, 
regular (figs. 427 and 858) or irregular (fig. 452), green or rarely 
petaloid, deciduous or very rarely persistent ; aestivation gene- 
rally imbricate (fig. 858), sometimes valvate (Jig. 782) or indu- 
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plicate. Corolla of 3 — 15, usually 5 (fig. 858), distinct petals, 
regular or irregular, {estivation imbricate (fig. 858), sometimes 
absent (fig. 782). Stamens numerous (figs. 782 and 858), or very 
rarely few, hypogynous (figs. 537 and 859, c) ; anthers adnate 
(fig. 800), bursting longitudinally. Camels numerous (figs. 537 
and 859), usually distinct and one- celled (fig. 863), or very rarely 
united so as to form a compound many-celled ovary ; ovary with 
one (fig. 863, g) or many ovules ; mrnles anatropal, attached to 
the ventral suture (fig. 863) ; styles simple (fig. 859). Fruit 
various, either consisting of a number of dry achenes, or of one 
or more whorls of follicles (fig. 861), or very rarely baccate, 
with one or more seeds. Sctds solitary or numerous, when 


Fio. 858. Fig. 859. Fig. 860. 



Fiy. 808 . Diagram of the flower of a specif s of Ranunculus. Ftq. 859. 

\ eitieal section of the flower of Ranuruulus acrts. t. Calyx, pe. Petals. 

c Stamen-. p. Caipels. Fiq. 860. Adnate anther of a Ranunculaxcous 

plant. Fiq. 8G1. Numerous follicles of Ttullius < ui opaus. Fiq. 8b2. 

Vei tical section of the seed of the MonWiood (At outturn), sp. Coverings 

of the se< d. nnb. Embryo, alb. Albumen. Ftg. 8G3. \ ertical section 

o t a carpel of Ranunculus acris. o. Ovary, y. Ovule, s. Stigma. 

solitary, erect or pendulous ; embryo minute (fig. 862, emb) y at 
the base of homogeneous horny albumen, alb. 

Diagnosis . — TIerbsor rarely shrubs, with a colourless watery 
acna jiuce. Sepals, petals, and stamens distinct, hypogynous. 
Corolla with an imbricated aestivation. Stamens usually nume- 
rous, hypogynous ; anthers adnate, bursting longitudinally. 
Carpels, except in a very few instances, more or less distinct. 
Seeds with homogeneous horny albumen, anatropal. 

Division of the Order and Examples of the Genera . — The 
order may be divided into five tribes as follows : — 
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Tribe 1. Clew, abides . Calyx valvate or induplicate. Fruit con- 
sisting of a number of achenes. Seed pendulous. Example : 
— Clematis. 

Tribe 2. Anemones. Calyx imbricated, usually coloured. Fruit 
consisting of a number of achenes. Seed pendulous. Ex- 
ample : — Anemone. 

Tribe 3. Pannncnles . Calyx imbricated. Fruit consisting of 
- a number of achenes. Seed erect. Example : — Ranunculus. 
Tribe 4. Hellebores. Calyx imbricated. Petals irregular or 
none. Fruit consisting of one or more whorls of many-seedod 
follicles. Examples: — Helleborus, Aconitum. 

Tribe 5. Actses of Linclley. Calyx coloured, imbricated. 
Fruit succulent, indehiscent, one or many-seeded. Example : 
— Actrna. 

Distribution and Numbers. — These plants occur chiefly in cold 
damp climates, and are almost unknown in the tropics, except 
on mountains. The order includes about 000 species. 

Properties and Uses. — The plants of this order generally 
abound in an acrid principle, which in some is even vesicant. 
This acridity is, however, very volatile, so that in most cases it 
is dissipated by drying, or by infusing them in boiling, or even 
sometimes in cold water ; it varies also in different parts of the 
same plant, and even in the same parts at different seasons. 
Some plants contain in addition a narcotic principle ; and when 
these principles are in excess they are virulent poisons. Gener- 
ally the plants of this order are to be regarded witli suspicion, 
although some are simply bitter and tonic 

Aconitum. — Some species of this genus are very virulent poisons. The 
dried root of Aconitum ferox, which is known as Nepal or Indian aconite, 
has been usually considered to be the sole source of the celebrated Indian 
drug and poison, ‘ Bikh * or ‘ Bish,’ but this is also obtained indifferently 
from A. Eapeltus, A. vncinatum , A. palmatum , and probablv others. — 
Aconitum A J apellus , a European species, commonly called Monkshood, is the 
official plant of the British Pharmacopoeia. The leaves, flowering tops, and 
root (more especially the latter), are poisonous, but when used in proper 
doses they are sedative, anodyne, and diuretic. Several fatal cases of 
poisoning have occurred from the root having been mistaken for Horse- 
radish. The other European species are almost inert. The properties of 
the above species are especially due to at least two powerful alkaloids, called 
aconitia and pseud-aconit a. The official aconitia is a mixture of these 
alkaloids, and probably others, in varying proportions, and has been much 
used externally in neuralgia and chronic rheumatism, and also occasionally 
internally in rheumatism and other diseases, but it is a dangerous remedy 
for internal use. Other species have similar properties, as, for instance, the 
species yielding Japanese aconite roots or tubers, now supposed to be A. 
Fischeri. These roots contain a very powerful alkaloid named japaconitia 
or japaconitine. It is said to exceed in poisonous properties both aconitia 
and pseud-aconitia. The Aconitum ferox contains the largest amount of 
alkaloids of any known species. The root or rhizome of Aconitum hetero - 
phyUum has no poisonous properties ; it is official in the Pharmacopoeia of 
India, and has a reputation in India as a tonic and antiperiodic medicine. 
It is known in the Indian bazaars as Atis or Atees. 
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Actsea . — The rhizome with the attached rootlets of Acteea ( Cimicifuga ) 
racemosa has been long used in the United States as a remedy in acute 
rheumatism, chorea, and various anomalous forms of nervous diseases. It 
has been introduced into this country, and employed with some success in 
similar diseases. In the form of a tincture it is also reputed to bo a valuable 
external application for reducing inflammation ; indeed, in such cases, it is 
said to be far more efficacious than tincture of arnica. It is the source of 
the eclectic remedy known in the United States as cimicifugin. The rhizome 
of Act tea spicata, $aneberry, as shown by the author, is a frequent adultera- 
tion in this country of Black Hellebore rhizome. The same adulteration 
lias also been noticed on the Continent, and in America. The fruits are 
poisonous. 

Clematis erecta and C. Flammu'a , — The loaves of these plants have been 
used os rubefacients and vesicants. Some other species possess analogous 
properties. 

Coptis . — The root of Coptis trifoliata , Goldthread, which is a native of 
North America, is a pure and powerful bitter, and is used as a stomachic 
and tonic. The root of Coptis Teeta , commonly known in India as Coptis or 
Tita root, is found in the bazaars of India; and is official in the Indian 
Pharmacopoeia. It is a Ho known under the name of Mishrni Bitter or 
Mahmiru. It is intensely and powerfully bitter, and is a valuable tonic. 
Both these drugs contain berberia. 

Delphinium Staphysagria . — The seeds of this plant were formerly em- 
ployed for their emetic, purgative, and anthelmintic properties ; but their 
violent action has led to their disuse. They are commonly known under 
the name of Stavesacre seeds. They contain an alkaloid, called delphinia. 
They are, however, still much used externally, for destroying vermin, and in 
various skin diseases. Delphinia has also been used externally in neuralgia 
and rheumatism. — 1). Consolidum. — The root and seeds contain delphinia , 
and have similar properties to Stavesacre seeds. 

JleMeboruSi — The rhizome and rootlets of 1/el/eborvs officinalis constituted 
the Black Hellebore of the ancients, which was much used by them as a 
drastic hydra gogue purgative. — Helleborus niger is the Black Hellebore of 
the present time ; it is still occasionally employed in this country and else- 
where, and possesses similar properties to the former. — Hellvborus viridis and 
H.fcetidus are also of a like nature, and niavbe used as efficient substitutes ; 
indeed that of H . viridis is more powerful in its action. 

Hydrastis canadensis . — The rhizome and rootlets, under the names of 
Yellow Root and Golden Seal, are used in the United States for their tonic 
properties ; and are reputed also to exercise an especial influence over 
mucous surfaces. Their action is due to the presence of berberia and a 
peculiar alkaloid called hydrastia. The drug used by the eclectic practi- 
tioners in the United States under the names of hydrastin , is obtained from 
the rhizome. Hydrastis is also used by the Indians of the Western States 
of North America to dye various shades of yellow. 

Nigel/a sativa . — The seeds were formerly employed instead of pepper. 
They are used in Inilia as a carminative. Jt is supposed that the>e seeds, 
or those of another species used by the Afghans for flavouring curries, form 
the Black Cummin of Scripture (Isaiah xxviii. 25, 27). 

Ranunculus.— R. sceleratus and R. Flammula are very acrid, which pro- 
perty is also possessed to a certain extent by many other species. — R. 
Ficaria has thickened roots -which contain a good deal of starch ; hence 
they have been been used as food. 

Xanthorrkiza apiifolia . — The root has a pure bitter taste, and possesses 
well-marked tonic properties. It is also used by the Indians in the southern 
parts of the United States as a yellow dye. It contains berberia as an in- 
gredient. 

Many plants of the order are commonly cultivated in our gardens ; as 
various species of Clematis, Anemone, Ranunculus , Eranthis (Winter Aco- 
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nite), Helldtorun (Christmas Hose), Aquxltgia (Columbine), Delphinium 
(Larkspur), Aconitum (Monkshood), Pssonia (Pceony). Pceonia moutan or 
Moutan nfficinnlis is the Tree Paeony of China, wliich is remarkable for its 
very large showy flowers, and for the number of its blossoms : thus, Fortune 
mentions a plant in the neighbourhood of Shanghae which yearly produced 
from 300 to 400 flowers. 

Natural Order 2. Dilleniaceje. — T he Dillenia Order. — 
Character. — Trees, shrubs, or rarely herbs. Leaves usually al- 
ternate, very rarely opposite, generally exstipulate . Sepals 5, 
persistent, in two rows. Petals 5, deciduous, hypogynous, im- 
bricated. Stamens numerous, hypogy nous. Carpels 2— 5, rarely 
1, more or less distinct. Fruit formed of from 2 — 5 distinct or 
adherent carpels, rarely 1. Seeds numerous, or 2 or 1 by abor- 
tion, anatropal, arillate ; albumen homogeneous, fleshy ; embryo 
minute. 

Diagnosis. — Stipules absent, except in rare cases. Sepals 
and petals 5 each, hypogynous, the former persistent in two 
rows, the latter with an imbricated mstivation. Carpels more or 
less distinct. Seeds numerous, arillate ; albumen fleshy, homo- 
geneous. 

Distribution Examples, and Numbers. — The plants of this 
order occur chiefly in Australia, India, and equinoctial America ; 
a few species have been also found in equinoctial Africa ; none 
occur in Europe. Examples of the Genera: — Dillenia, Candollea, 
Tctracera. There are nearly 200 species belonging to this 
order. 

Properties and ZJses . — The plants of the order have generally 
astringent properties, and have been used as vulneraries, and 
for tanning in Brazil. The young calyces of some species of 
Dillenia have an acid taste, and are employed as an ingredient 
of curries in some parts of India. Some species of Dillenia g row 
to a large size and form hard durable timber. 

Most of the Indian species belonging to the genus Dillenia 
are remarkable not only for their evergreen foliage, but also for 
the beauty of their flowers. They are sometimes cultivated as 
stove or greenhouse plants in this country. 

Natural Order 3. Magnoliace^e. — T he Magnolia Order. — 
Character. — Trees or shrubs, with alternate leathery leaves 
(Jig. 331), and with usually large convolute stipules, which en- 
close the leaf-bud and fall off as it expands. Sepals usually 
three to six, deciduous. Petals three or more, hypogynous, in 
two or more row’s. Stamens numerous, hypogynous (jig. 599, 
t). Carpels several, one-celled, often arranged upon an elon- 
gated thalamus {fig. 599, c). Fruit consisting of numerous 
dry or succulent, dehiscent (fig. (502) or indehiscent carpels, 
distinct or coherent at the base. Seeds anatropal, with or -without 
an aril, solitary or several, often suspended from the fruit by 
a long funiculus (fig. 6(52) ; embryo minute ; albumen fleshy, 
homogeneous. 
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Diagnosis. — Trees or shrubs. Leaves alternate, leathery. 
Stipules usually present, and then large and sheathing the leafl 
bud, deciduous. Sepals and petals with a ternary arrangement 
of their parts, hypogynous, the former deciduous, the latter with 
an imbricated aestivation. Carpels distinct or coherent at the 
base. Albumen homogeneous. 

Division of the Order and Examples of the Genera . — The order 
may be divided into two tribes : — 

Tribe 1. Magnolie se . — Carpels distinct, arranged upon an 
elongated thalamus in a cone-like manner. Leaves not dotted 
or scarcely so. Examples : — Liriodendron, Magnolia. 

Tribe 2. Winterex. — Carpels united at the base, and forming 
but one whorl. Leaves dotted and often exstipulate. Exam- 
ples: — Drimys, lllicium. 

Distribution and Numbers. — The majority of the orders are 
found in North America. Some also occur in the West Indies, 
Japan, China, India, South America, Australia, and New Zea- 
land. None have been found in Africa or any of the adjoining 
islands, or in Europe. The order contains about 170 species. 

Properties and Uses. — These plants are chielly remarkable for 
bitter, tonic, and aromatic properties. 

Drimys Winter!. — The hnrk, which was formerly known under the 
name of Winter's Park, has torrtc, aromatic, antiscorbutic, and stimulant 
properties. It was often confounded with Canella Hark, which has been 
termed Spurious Winter’s Bark. It was formerly much employed in this 
country, but at present it is very rarely or ever used. The Winter’s Bark, 
as now found in commerce, is commonly obtained from Ciunamodendron 
t or ti cosum , a native of Jamaica. — Drimys granatensis possesses similar 
properties. 

lllicium anisatum , Star Anise. — The whole plant, particularly the fruit, 
has the flavour and odour of the European Anise plant ( Pimpinella Anisum). 
Star Anise fruit is used by the Chinese as an aromatic and carminative, and 
also as a spice. A large portion of the Oil of Anise of commerce is now 
derived from this fruit. This oil is oiticial in the British Pharmacopoeia, 
and is generally regarded as a superior oil to that obtained in Europe from 
the fruit of Pimpinella Anisum , which is also official, and was formerly flic 
sole botanical source of Oil of Anise. The species of lllicium which grows 
in Japan is regarded as distinct by Siebold, and named I. reliuiosurn , but 
more generally it is included by botanists under /. anisatum. llusemaim, 
Holmes, and others, however, have recently given reasons for believing 
them distinct. The fruits are occasionally imported ; they have a faint 
aromatic odour and taste, which have been regarded as resembling bay 
leaves or camphor, but are entirely devoid of the characteristic anihc taste 
and odour of the Chinese fruit. In Japan they are termed Sfiimi, shihmi , or 
8hikimi fruits ; and the recent observations of Geerts and others have shown 
that they are poisonous, as well as the oil which is obtained bv expression 
from the seeds. This oil is used in Japan as a cheap lighting material and 
tor lubricating purposes. 

Liriodendron tulipifera, Tulip-tree.— The bark possesses bitter and tonic 
properties. 

Magnolia. — M. glauca , Swamp Sassafras or Beaver Tree. The bark is 
tonic and aromatic, resembling Cinchona in its action. The unripe fruit® of 
other species, as Magnolia Frazeri and M. acuminata , have similar properties. 
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Michelia Champaca. — The flowers of this plant, which is a native of 
India, yield a fragrant oil. (See Cananga.') 

Taxmannia aromatica. — The fruit is used in New Holland as a substitute 
for pepper. 

The plants of this order are also remarkable for the fragrance and beauty 
of their flowers and foliage ; hence they are favourite objects of culture in 
this country, either as hardy plants, such as several Magnolias and the 
Tulip-tree ; or as stove or greenhouse plants, such as species of lllicium. 

Natural Order 4. Anon aceje. —The Custard- Apple Order. — 
Character. — Trees or shrubs. Leaves alternate, simple, exsti- 
pulate. Calyx of three sepals, generally united at the base, per- 
sistent. Corolla of six petals, in two whorls, leathery ; aestiva- 
tion usually valvate, hypogynous, rarely united, or more rarely 
altogether absent. Stamens usually numerous, and inserted on 
a large hypogynous thalamus ; connective enlarged, 4-angled ; 
anthers adnate. Carpels usually numerous, distinct or united, 
with one or more anatropal ovules. Fruit composed of a num- 
ber of dry or succulent carpels, which are distinct, or united so 
as to form a fleshy mass. Seeds one or more, anatropal ; embryo 
minute ; albumen ruminated. 

Diagnosis. — Trees or shrubs. Leaves alternate. No stipules. 
Calyx of 3 sepals, persistent. Petals 6, in two rows, hypogynous, 
usually valvate. Anthers adnate, with an enlarged 4-cornered 
connective. Albumen ruminated. 

Distribution , Examples, and Numbers.— The plants of this 
order are almost entirely confined to the tropical regions of 
Asia, Africa, and America None are found in Europe. Ex- 
amples of the Genera: — Xylopia, Anona, Monodora. There are 
nearly 300 species in this order. 

Properties and Uses. — Generally aromatic and fragrant in all 
their parts. 

Anona squamosa and A. muricata yield the delicious succulent fruits of 
the East and West Indies, called Custard-apples; the fruit of A. squamosa 
is called Sweet-sop ; that of A. muricata , Sour-8op. Other species are also 
esteemed for their fruits, as Anona reticulata , which fields the netted Cus- 
tard-apple, and A. Cherimolia , which produces the Cherimover of Peru. 
Another species, namely, A. palustris, is the source of West Indian Cork- 
wood, so called from its elasticity and lightness ; the fruit is termed the 
Alligator Pear, but in consequence of the presence of a narcotic piinciple it 
is not eaten. 

CcelocHne ( TTnona) jtolycarpa , D.C. — The Berberine or Yellow-dye tree 
of Soudan. — The bark of this tree yields a beautiful yellow colour, which is 
much used as a dyeing material in certain parts of Africa. When reduced 
to a coarse powder, it is also a topical remedy of great repute in the treat- 
ment of indolent ulcers, and chronic leprous sore9 of the extremities. It 
contains Berberia , to which its medicinal virtues are probably due. 

Cananga ( Unoua ) odorata. — The flo^ ers yield a very fragrant oil, which 
is known under the names of l/ang-ilang , Alanguilan , Oleum Unonee, and 
O’eum Anonse. According to Guibourt, the oil known as Macassar Oil is 
a Cocoa-nut oil digested with the flowers of Michelia Champaxa (see Michelia ) 
and Cananga odorata, and coloured yellow by means of turmeric. 

Duguetia quitarensis. — According to Schomburgk, the strong elastic wood 
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called Lance-wood, chiefly used by coachmakers, is furnished by this plant, 
which is a native of Guiana. 

Monodora Myrhtica , the Calabash Nutmeg, has somewhat similar aro- 
matic qualities to the true Nutmeg of commerce. These nutmegs are also 
commonly known as Jamaica or American nutmegs. 

Uvaria febrifuga . — The fruit of this species is supposed to be the one 
which is used as a febrifuge by the Indians on the Orinoco ; according to 
Martius, however, that is obtained from the Xylopia grand flora. 

Xylopia. — X. aromatica ( Habzelia sethiopica ), D.C., is commonly kuown 
as Piper rethiopicum. The dried fruit is used by tlie African negroes on ac- 
count of its stimulant and carminative effects, and also as a condiment. — 
Xylopia unduluta has nearly similar properties. — Xylopia glabra yields the 
Bitter wood of the West Indies, which has tonie properties. The fruits of 
X. longifolia are used as a febrifuge throughout the valley of the Orinoco. 

Natural Order 5. Lardizabalaceje. — T he Lardizabala Order. 
— Character. — Shrubs of a twining habit. Leaves alternate, 
exstipulate, compound. Mowers unisexual. Barren flower : — 
Calyx and corolla with a ternary arrangement of their parts, 
each in one or two whorls, deciduous. Stamens 6, opposite the 
petals, usually monadelphous, sometimes distinct. Riedimentary 
carpels 2 or 3. Fertile flower : — Calyx and corolla as before, 
but larger, hypogynous. Stamens 0, very imperfect and sterile. 
CarpeU distinct, generally 3, rarely (> or 0, 1 -celled ; ovules 
usually numerous, rarely 1, imbedded on the inner surface 
of the ovary. Fruit baccate, or sometimes follicular. Seed 
with usually a minute embryo in a large quantity of homo- 
geneous albumen. 

Diagnosis. — Twining shrubs. Leaves alternate, exstipulate, 
compound. Unisexual flowers. Carpels distinct, superior. 
Seeds parietal, imbedded ; embryo usualty minute, with abun- 
dant homogeneous albumen. 

Distribution , Examples, and Numbers. — There are about 15 
species belonging to this order. According to Lindley, two 
genera inhabit the cooler parts of South America ; one is a 
tropical form, and the remainder are from the temperate parts 
of China. Examples of the Genera : — Staunton ia, Lardizabala. 

Propeiiies and Uses. — The plants of this order appear to 
be without any active properties. Some have edible fruits. 
Other have been introduced into our greenhouses as evergreen 
climbers. 

Natural Order 6. Schizandraceje. — T he Schizandra Order. — 
Character. — Trailing shrubs. Leaves alternate, exstipulate, 
simple, often dotted. Flowers unisexual. Calyx and corolla 
with a ternary arrangement of their parts, hypogynous, im- 
bricated. Barren flower : — Stamens, numerous, monadelphous 
or distinct, hypogynous ; anthers 2-celled, extrorse, with a 
thickened connective. Fertile flower : — Carpels numerous, 1- 
celled, distinct or coherent ; ovules 2, pendulous. Fruits nume- 
rous, collected into a cluster, baccate. Seeds with abundant 
homogeneous fleshy albumen ; embryo very minute. , 
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Diagnosis. — Trailing shrubs. Leaves alternate, exstipulate, 
simple. Flowers unisexual. Sepals and petals imbricated. 
Stamens numerous, hypogynous. Ovules pendulous ; embryo 
very minute, with abundant homogeneous albumen. 

Distribution , Examples , and Numbers. — This small order only 
contains 12 species. They occur in India, Japan, and the 
southern parts of North America. Examples of the Genera : — 
Schizandra, Hortonia. 

Properties and Uses. — The plants of this order are insipid 
and mucilaginous. Some have edible fruits. 

Natural Order 7. Menispermaoe.e. — T he Moon-Seed Order. 
— Character. Climbing or trailing shrubs. Leaves alternate, 
Bimple, exstipulate, usually entire. Flowers generally dioecious, 
but sometimes imperfectly unisexual, rarely perfect or poly- 
gamous. Barren flower: Calyx and corolla with a ternary 
arrangement of their parts, generally in two whorls, imbricate 
or valvate. Stamens usually distinct, sometimes monadelphous. 
Carpels rudimentary or wanting. Fertile flower : — Sepals and 
'petals usually resembling those of the barren flower. Stamens 
imperfectly developed, or wanting. Carpels usually 3, sometimes 
6, commonly supported on a gynophore, distinct, 1 -celled, each 
containing one curved ovule. Fruits drupaceous, curved around 
a central placental process, 1-celled. Seeds 1 in each cell, and 
curved so as to assume the form of that cell ; embryo curved ; 
albumen present or absent ; when present homogeneous, or par- 
tially divided into plates or convolutions by the projection in- 
wards of the inner membranous covering of the seed. 

Diagnosis. — Trailing or climbing shrubs. Leaves alternate, 
simple, exstipulate. Flowers usually dioecious. Sepals, petals, 
stamens, and carpels with a ternary arrangement, hypogynous. 
Carpels distinct. Fruits 1-celled, curved. Seed solitary, curved ; 
embryo curved ; albumen absent, or usually small in amount, 
and then either homogeneous or somewhat ruminated. 

Miers remarks, 1 that there is probably no family so completely 
heteromorphous as the Menispermaceae, or which presents such 
extreme and aberrant features at variance with its normal 
structure.’ Hence there is great difficulty in drawing up a 
satisfactory diagnosis of this order. 

Distribution , Examples , and Numbers. — The plants of this 
order are chiefly found in the forests of the tropical parts of 
Asia and America. None occur in Europe. Examples of the 
Genera: — Coscinium, Jateorhiza, Menispermum There are 
about 340 species included in this order. 

Properties and Uses. — These plants are chiefly remarkable for 
their narcotic and bitter properties. A few are mucilaginous. 
When the narcotic principle is in excess they are very poisonous. 
Some are valuable tonics. 

Anamirta juinicnlata . — The fruit of this plant, which is known as Coccu- 
lus indicus, is poisonous. It has been extensively employed for a long 
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period as a poison for taking fish and game, which it stupefies. It is also 
reputed to be used to a great extent (chiefly by publicans) to impart a 
bitter taste to malt liquor, and to increase its intoxicating effects •, but it 
must be admitted that we have no very satisfactory evidence on this point. 
The average annual imports of Oocculus indicus from India are about 50,000 
lbs., a quantity, it is said sufficient to drug 120,000 tuns of beer. Tt has 
been also emploved externally to destroy vermin, and for the cure of some 
skin diseases. It owes its ac(ivo properties to a poisonous neutral principle 
contained in the seed, called Picrotoxin. The pericarp also contains two 
isomeric alkaloids in minute quantity, which have been named Mtnispermta 
and Paramenispermia , of which but little is known. 

Chondrodendron tomentosum. — The root of this plant, which is a native 
of Brazil, as shown by Hanbury, is the original Parana Brava , and is the 
drug on which its reputation was founded. (See Cissampehs.) The stem 
possesses similar but le^s powerful properties ; it is. however, frequently 
mixed with the root. Pareira Brava contains an alkaloid which has been 
named Cissumpe/ia or Pelosia. but which Dr. Flilckigcr has proved to be 
identical with beherin , the active principle of Bebeeru bark. (See Neetandra .) 

Cismmpehs. — C. Pareira is official in the British Plmrmacopmiu as the 
botanical source of Parma Brava. It possesses tonic and diuretic properties. 
The true Pareira Brava of commerce is not, however, derived, as stated in 
the British Pharmacopoeia, from Cissampdos Pateira , but from Chondroden- 
dron tomentosum , as noticed above in referring to that plant. Other spurious 
kinds of Pareira Brava are derived from Abuta ru fence ns. which yields White 
Pareira Brava ; from Abuta amnra , J el/oie Pa.ttra Brava ; and also from 
other Menispermaeeous plants. 

Coscinium fenestra turn. — The wood and baik of the stem possess tonie 
and stomachic properties. The stems have been imported into this country 
from Ce\ Ion. and sold as true Oalumba-root ; they contain much berberia. 

Jateorhiza. — Juteorluzn Cal um ha and J. Mternii are now recognised in 
the British Pharmacopoeia as yielding the ( \nl um ha- root of the Materia 
Medica, ho well known as a valuable stomachic and tonic. These two 
species are not, however, generally regarded as distinct, but are more com- 
mon tv placed together under the name of Jateorhiza Ca/umbu. The tonie 
and stomachic properties of Calumba root are especially due to a peculiar 
neutral principle, called ralumbm. It also contains berberia and calumbic 
acid , to the presence of which its properties are also, to Home extent at least, 
due. 

Menispermnm canadense, Yellow Parilla or Moonsecd. — The root yields 
the eclectic remedy enlhd menispermin, which is reputed to be alterative, 
tonie. laxative, diuretic, and stimulant ; and to be especially useful in 
syphilitic, cutaneous, and rheumatic affections. This root lias also been sold 
in the United States under the name of Texas Sarsaparilla. 

Ttnospora cordifofia. — The root and stems are official in the Pharma- 
copoeia of India, and are known under the name of (lulancha ; they possess 
well-marked tonic, antipenodic, and diuretic properties. 


Natural Order 8. Berberipace^e. — The Barberry Order. — 
Character . — Slvrubs or herbaceous perennial plants. Leaves 
alternate (fig. * 7 8), compound, usually exstipulate. The leaves 
are frequently apparently simple, but in such cases it will be 
found that the blade is articulated to the petiole, which is evi- 
dence of their compound nature. The stem is generally free 
from hairs and other appendages of a similar character, but 
it is often spiny (fig. 378). These spines are nothing more 
than the hardened veins of some of the leaves, between which 
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the parenchyma is not developed. Sepals 3, 4, or 6, deciduous, 
in two whorls (fig. 864). Petals equal to the sepals in number 
and opposite to them, or twice as many, hypogynous. Stamens 
hypogynous (fig. 86(3), equal to the petals in number, and 
opposite to them (fig. 864) ; anthers 2-celled, each opening by a 
valve from the bottom to the top (fig. 535), except in Podophyllum 
where they dehisce longitudinally. Carpels solitary, 1-celled (fig. 
866) ; style somewhat lateral (fig. 865) ; stigma orbicular (fig. 
866) ; omles anatropal, attached to a suturai placenta (figs. 865 
and 866). Fruit baccate, or dry and capsular. Seeds (fig. 867), 
usually with a minute embryo ; albumen between fleshy and 
homy. 

Diagnosis. — Leaves alternate, very often spiny. Sepals 3, 4, 
or 6, deciduous. Petals hypogynous, and opposite to the sepals 
when equal to them in number. Stamens definite, hypogynous, 
opposite to the petals ; anthers 2-celled, each opening by a 
recurved valve, except in Podophyllum where they dehisce 
longitudinally. Carpel solitary ; placenta sutural ; ovules 
anatropal. Seeds with albumen. 


Fio. 804. 


FiCr. 805. 





Fig. 864. Diagram of the flower 

of the Barberry ( Btrbens ). 

Fig. 865. Vertical section of the 

flower of Epimedium. Fig. 

866. Vertical section of the 

ovarv of Bet bens. Fig. 867. 

Vertical section of the seed of 
Berberis, with the embryo in the 
axis surrounded by albumen. 


Distribution , Examples, and Numbers. — They are found in 
the temperate parts of Europe, America, and Asia. They are 
very common in the mountainous parts of the North of India. 
Examples of the Genera : — Berberis, Epimedium, Leontice. The 
order includes about 100 species . 

Properties and Uses . — These plants are generally acid, 
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astringent, and bitter ; but some are purgative. Their acid 
properties are due to the presence of oxalic acid. 

Berberis vulgaris , the common Barberry. — The fruits of this and other 
species are acid and astringent, and form a refreshing preserve. Its bark 
and stem are very astringent, and are occasionally used by dyers in the pre- 
paration of a yellow dye. The common Barberry bark is sometimes employed 
to adulterate Pomegranate root-bark. It is official in the United States 
Pharmacopoeia, and is said to be tonic in small doses, and cathartic in large 
ones. It owes its properties more especially to btiberia. The root-bark of 
B. Lycium, B. asiatica, and B. aristata , forms Indian Barberry bark. This 
bark, which is official in the Pharmacopoeia of India, possesses tonic, anti- 
periodic, and diaphoretic properties; and its extract, under the name of 
Busoty is employed in India as a local application in ophthalmia and other 
affections of the eyes. The properties of Indian Barberry bark are especially 
due to the presence of the alkaloid berlm'ia. 

Caulophyllum thalictroides, Bine Cohosh. — The root (rhizome) has a repu- 
tation among the eclectic practitioners in the United States in certain 
uterine affections. It is regarded as a stimulating tonic and slight narcotic. 
The eclectic remedy termed caulophyllin which is obtained from it, is 
reputed to be antispa'-modic, alterative, tonic, diuretic, and vermifuge. 

Jeflersonia diphylla . — The root (rhizome) is popularly known as rhenmn - 
t ism-root in the United States, from its reputed value in rheumatism. It is 
commonly said to resemble senega root in its action, and to possess emetic, 
tonic, and expectorant properties. 

Podophyllum peltatum , Mnv-apple. — The rhizome find rootlets possess 
hydragogue cathartic properties, owing especially to the presence of a resin, 
which is i’requentlv termed incorrectly podophyllin. The rhi/ome and resin 
are official in the Ihitish Pharmacopoeia ; and the latter is now largely used 
in this country. 

Natural Order 9. Cabombaoe^e. — T he Water-Shield Order. — 
Character. — Aquatic plants, with floating peltate leaves. 
Sepals and petals 3 or 4, alternating with each other. Stamens 
definite or numerous. Thalamus flattened, small. Carpels 
2 or more, distinct. Fruit indehiscent. Seeds few ; embryo 
minute, enclosed in a vitellus, and outside of abundant fleshy 
albumen. 

diagnosis.— The only orders likely to be confounded with 
this, are the Nymphieacese and Nelumbiaceie. The plants be- 
longing to the Oaborabacepe are distinguished from the Nym- 
phaeaceee, by having distinct carpels , sutural placentas, few seeds, 
no evident thalamus, and by the presence of fleshy instead of 
farinaceous alb'umen ; and from the Nelumbiaceaj, by their small 
thalamus, by having more than one seed in each carpel , by their 
minute embryo, and their abundant albumen. 

Distribution, Examples, and Numbers. — There are but 3 spe- 
cies belonging to this order. They occur in America, Australia, 
and India. Cabomba and Hydropeltis are the only genera. 

Properties a'nd Uses. — They have no important properties. 
Hydropeltis purpurea is said to be nutritious. 

Natural Order 10. Nymph^ace^. — T he Water-Lily Order. — 
Character. — Aquatic herbs. Leares floating, peltate or cor- 
date. Flowers solitary, large and showy. Sepals usually 4 
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{Jig. 448, c, c, c, c), or rarely 5 (Jig. 8G8), persistent, generally 
petaloid on their inside. Petals numerous (Jig. 448, p, p , p, p), 
deciduous, often passing by gradual transition into the stamens 
(Jig. 448, p, e), in the same way as the sepals pass into the 
petals ; inserted on a fleshy thalamus below the stamens (Jig. 
517). Stamens numerous, placed upon the thalamus ; filaments 
petaloid (fig. 448, e, 1, 2, 3, 4, 5). Thalamus large, forming a 
disk-like expansion more or less surrounding the ovary, and 
having inserted upon it the petals and stamens (fig. 517). Carpels 
numerous, united so as to form a compound ovary (Jig. 888) ; 
ovary many-celled (fig 780) ; styles absent ; stigmas radiating 
on the top (figs. 517 and 869), and alternate with the dissepiments. 

Fig. 8G8. Fig. 8G9. Fig 870. 

in 


Fuj. 868. Flower of Yellow Water-lilv (Nn- 

phar lutea). Fiq. 86.9. Ovary of Nnphar 

with numerous radiating stigmas. Fig. 

870. Vertical section of the seed of Nymphcea 
alba, showing the embryo enclosed in a vi- 
tellus and on the outside of albumen. 

Fruit indehiscent, many-celled. Seeds numerous, attached all 
over the spongy dissepiments ; emhryo minute, enclosed in a 
vitellus, and on the outside of farinaceous albumen (fiq. 870). 

Diagnosis. — Aquatic herbs with floating leaves. Thalamus 
large, and forming a disk-like expansion more or less surrounding 
the ovary. Carpels united so as to form a compound many- 
celled ovary ; stigmas radiating on the top, and alternate with 
the dissepiments ; ovules numerous, and attached all over the 
dissepiments. Embryo minute, on the outside of farinaceous 
albumen, enclosed in a vitellus. 

Distribution , Examples , and Numbers. — The plants of this 
order are chiefly found in quiet waters, throughout the whole of 
the northern hemisphere ; they are, generally speaking, rare in 
the southern hemisphere. Examples of the Genera -Victoria, 
Nymphaea. There are about 50 species. 

Properties and Uses. — These plants have bitter and astringent 
properties. They have been also generally considered as sedative 
and narcotic ; but there does not appear to be any foundation 
for such an opinion. Many contain a large quantity of starch 
both in their rhizomes and seeds ; hence, such parts are used for 
food in some countries. 
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Victoria regia . — This plant is a native of Equatorial America, and has 
been introduced into this country, where it has excited much interest, both 
from the beauty and size of its flowers, and from its enormous and singularly 
constructed leaves. The flowers, when fully expanded are more than a foot in 
diameter ; and the leaves, which arc turned up at their margins, vary from 
four to eight feet in diameter. The plant is commonly known in this country 
as the Victoria Water-lily, and in South America under the name of Water- 
maize, as the seeds are there used for food, tor which purpose they are com- 
monly rousted with Maize or Indian Corn. 1 lie rhiz lines also contain a large 
quantity of starch. 

Natural Order 11. Nelumbuceas. — T he Water-Bean Order. 
— Character. — Aquatic herbs. Leaves peltate, rising above 
the water. Flowers large and showy. Sepals 4 or 5. Petals 
numerous, in several whorls. Stamens numerous, in several 
whorls ; filaments petaloid, Thalamus very large, flattened at 
the top, and excavated so as to present a number of cavities, 
each of winch contains a single earptl (fig. 0411). Fruit con- 
sisting of the ripened nut-like carpels, which are half-buried in 
the cavities of the thalamus. Su'd solitary, or rarely 2 ; with- 
out albumen ; embryo large, enclosed in a membrane, with two 
fleshy cotvledons, and a much-developed plumule. 

Diagnosis. — Aquatic herbs with peltate leaves. Thalamus 
very large, flattened at the top, and excavated so as to present 
a number of cavities. Carpels distinct, and partially imbedded 
in the large honeycombed thalamus. Fruit of numerous, usually 
1 -seeded nut-like bodies. Albumen none ; plumule very large. 

Ihstribution , Examples, and N umbers. — These beautiful water 
plants are natives of stagnant or quiet waters of temperate and 
tropical regions in the northern hemisphere ; they are most 
abundant in the East Indies. There is but 1 genus, Nehtmbium , 
which includes 3 species. 

Froperties ami Uses.— The nut-like fruits of all the species 
are edible, as well as their rhizomes, which contain starch like 
those of the Nymphteas. 

Nelumtrium speciosnm . — The fruit of this plant is commonly considered to 
have been the Egyptian bean of Pythagoras; and the flower the sacred 
Lotus ho often represented on the monuments of Egypt and India. The 
plant, however, is no longer found m Egj pt, but it is common in India. 
The leaves and peduncles contain a large number of spiral vessels; 
these, when extracted, are used for wicks, ‘which on gieat and solemn 
occasions are burnt in the lamps of the Hindoos placed before the shrines of 
their gods.’ 

Natural Ord jr 12. Sarraceniate.®. — The Sarracenia, Water- 
Pitcher, or Side-Saddle-Flower Order. — Character. — Peren- 
nial herbs , growing in boggy places, with radical hollow leaves, 
which are pitcher or trumpet-shaped (figs. 38f> and 387). Sepals 
4 — 6, usually 5, persistent, imbricated. Petals 5, hypogynous, 
sometimes absent. Stamens numerous, hypogynous ; anthers 
adnate, 2-celled. Carpels 3 — 5, united so as to form a compound 
3 — 5-celled ovary ; ovules numerous ; placentas axile ; style 

l F 2 
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simple and truncate, or expanded at its top into a large shield- 
like angular process with one stigma beneath each of its 
angles. Capsule 3 — 5-celled, dehiscing loculicidally. Seeds 
numerous, attached to large axile placentas ; albumen abundant. 

Diagnosis. — Perennial boggy plants, with pitcher or trumpet- 
shaped leaves. Calyx permanent, imbricated. Carpels united 
so as to form a compound ovary, and a 3 — 5-celled dehiscing 
fruit, with large axile placentas ; albumen abundant. 

Distribution , Examples , and Numbers. — There are 8 species, 
of which 6 are confined to the bogs of N orth America, 1 occurs 
in Guiana, the other species is found in California. Examples 
of the Genera : — Sarracenia, Heliamphora. 

Properties and Uses. — The pitchers are lined by glandular 
hairy appendages ; these secrete a peculiar fluid which dissolves 
any insects that find their way into them. The solution thus 
formed is ultimately absorbed, and appears to be necessary for 
the healthy condition of these plants. 

Sarracenia . — The rhizome, rootlets, and le«aves of Sarracenia purpurea 
were formerly vaunted as a specific in small-]) ox, but from extensive trials 
in the hospitals of this and other countries, they have been found to be 
entirely useless. — S. variolarin and S. fiava are reputed to be diuretic and 
mildly purgative, and useful in dyspepsia, headache, (fee. The properties, 
however, of all the species seem to be unimportant. 

Natural Order 13. P APAVERACEiE. — The Poppy Order. — 

Ch aracter. — Herbs or shrubs , usually with a milky juice (white 


Fig. 871. 


Fig. 872. Fig. 873. 




Fig.$7\. Diagram of the flower of the Poppy, with two sepals, four 
crumpled petals, numerous stamens, and a compound ovarv with 

several parietal placentas, Fig. 872. Flower of Celandine (Cheli- 

donium mnjus). sti. Two stigmas on tbe apex of a lengthened or 

pod-like ovary. Fig. 873. Siliquseform or pod-shaped capsule 

( ceratium ) of Celandine. 



or coloured). Leaves alternate, exstipulate. Sepals usually 2 
{fig. 871), or rarely 3, caducous (fig. 466). Petals 4 (figs. 871 
and 872), or rarely 6, or some multiple of 4, or very rarely 
wanting; usually crumpled in aestivation (fig. 871), hypogynous. 
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Stamens generally numerous (figs. 871 and 872), hypogynous 
(figs. 31 and 872) ; anthers 2- celled, innate (fig. 31). Ovary 
1-celled, with 2 or more (figs. 618 and 871) parietal placentas, 
which project more or less from the walls into its cavity, and in 
Romney a actually adhere in the axis ; styles absent (fig. 31) or 
very short ; stigmas 2 (fig. 872, sti), or many (fig. 31, s£i), alternate 
with the placentas, and opposite the imperfect dissepiments ; 
when numerous, they form a star-like process on the top of the 
ovary (fig. 31) ; ovules numerous (fig. 618). Fruit 1-celled, and 
either pod-shaped with 2 parietal placentas (fig. 873), or capsular 
with several placentas ; dehiscing by valves (fig. 873), or pores, 
or sometimes indehiscent. Seeds usually numerous ; embryo in 
fleshy- oily albumen (fig. 765). 

Diagnosis. — Usually herbs with a milky juice. Leaves alter- 
nate and exstipulate. Peduncles 1-flowered ; flowers regular 
and symmetrical. Calyx and corolla with a binary or ternary 
arrangement of their parts, deciduous, hypogynous. Stamens 
numerous, hypogynous ; anthers innate. Ovary compound, 
1-celled, with parietal placentas, stigmas alternate to the 
placentas. Fruit 1-celled. Seeds numerous, albuminous. 

Distribution , Examples , and Numbers. — Nearly two-thirds of 
the plants of this order are natives of Europe, and are mostly 
annuals. They are almost unknown in tropical regions, and are 
but sparingly distributed out of Europe in a wild condition. 
Examples of the Gemra : — Papaver, Chelidonium, Eschscholtzia. 
The order includes above 130 species. 

Properties and Uses. — The plants of this order are in almost 
all cases characterised by well-marked narcotic properties. 
Some are acrid, while others are purgative. In a medicinal point 
of view, this order must be regarded as the most important in 
the Vegetable Kingdom, from its yielding Opium, undoubtedly 
the most valuable drug of the Materia Medica. 

Argemone mexicana, Mexican or Gamboge Thistle. — The seeds have 
narcotico-acrid properties. An oil may be obtained from them by expres- 
sion, which possesses aperient and other properties, and has been recom- 
mended as a remedy in cholera. In the West Indies, the seeds are also 
used as a substitute for Ipecacuanha. In the East Indies, the oil is likewise 
employed as an external application in certain skin diseases. 

Chelidonium tnajus, Celandine. — The Celandine is a native of this country, 
growing in the neighbourhood of villages. It has an orange-coloured juice 
of a poisonous nature, which is a popular external application for the cure 
of warts, and has been used successfully in opacities of the cornea. It 
has been also administc ed internally, and is reputed aperient, diuretic, and 
stimulant 

Papaver. — P. somniferutn, Opium Poppy. — Opium is the juice obtained 
by incisions from the unripe capsules of this plant, inspissated by sponta- 
neous evaporation. It has been known from early times, having been 
alluded to by Hippocrates, Diugoras, and Dioscorides. Various kinds of 
opium have been described under the names of Turkey or Smyrna, Constan- 
tinople, Egyptian, Persian, European, Indian, Chinese, and others. Smyrna 
opium, which is produced in Asia Minor, is that commonly used in this 
country. Its consumption is largely on the increase ; thus, in 1839, the 



"tflndu! fr Vn,i f 0B « Me no * P^bably more thl 8o“"ooo 
pmm* Bttt India i» the great opium producing country, for here the 
WMBtity of opium produced annually i» nearly 12,000,000 pounds Of 
tm enormous quantity at least 8,000,000 pounds are exported to and 
consumed in China, representing a market value of about as many pounds 
sterling. Opium h al^o now largely prodm ed in China, Opium possesses 
in a marked degree the nareotie properties of the plants of the order from 
which it is obtained. In large doses it is « narcotic poison. It is also 
regarded as eof>oritio, anodyne, and antispasmodic. Its properties are chiefly 
due to a peculiar alkaloid called Morphia, which is combined with Meconic 
Acid. Its properties are also due, to some extent at least, to other peculiar 
principles which it contains, as Codeia, Xarcotia, Narceia, Thebaia, Meeonine, 
and a number of others, the properties of which are but little known. 
While the juice obtained from the unripe pericarp has been proved to possess 
such active properties, the seeds are bland and wholesome. They yield by ex- 
pression an oil which is much used on the Continent and in this country, as a 
substitute for olive oil and for other purpo.-es. It is one of the oils employed 
for adulterating olive oil. The cake left after the oil has been extracted 
may be used for fattening cattle. The dark-coloured seeds are known as 
Maw seeds, and nrp largely eaten by birds. They are also used as a medicine 
for them . — Papaver Phans, the common Red or Corn Poppy, has scarlet or 
red petals, as its name implies. A syrup prepared from these petals is u^ed 
as a colouring ingredient by the medical practitioner. The fresh petals are 
ulso supposed to possess slight narcotic properties. 

Sanguivaria canadensis, Pucci on. — The rhizome and rootlets of this 
plant, \Nhieh is a native of North America, contain a red juice, from which 
ciicumstance it is commonly termed Blood-root. This so-called root is, used 
internally in large doses as an emetic and purgative, and in smaller doses 
as a stimulant, diapborelie, and expectorant. It is also said by Eberle to 
exercise a sedative influence on the heart, as certain as that of Digitalis. 
When applied externally, it has been stated to have well-marked escliarotic 
properties, and has been used, combined with chloride of zinc, as an external 
application for the destruction of cancerous growths ; but from trials in this 
country it has been proved to be valueless for such a purpose. 

Many genera belonging to this order are commonly cultivated in our 
gardens, as Papaver, Argemone, Rameria, Platystemon, Eschscholtzia, &e. 


Natural Order 14. Fumakiaoe^e. — The Fumitory Order. — 
Character. — Smooth herbs with, a watery juice. Leaves alter- 
nate, much divided, exstipulate. Sepals 2 (Jig. 874), deciduous. 
Petals 4, cruciate, very irregular, in ty o whorls (Jig. 874) ; 
one or both of the outer petals being saccate or spurred (Jig, 
870), and the two inner frequently united at the apex. Stamens 
liypogynous, usually 0, diadelphous, the two bundles being op- 
posite the outer petals, and containing an equal number of 
stamens (Jigs. 874 and 870), the middle stamen of each bundle 
having a 2-cell ed anther (Jig. 874), the two outer with 1-celled 
anthers (Jig. 874) ; in rare cases there are four stamens, which 
are then distinct and opposite the petals. Ovary superior (Jig. 
875), 1-celled, with parietal placentas (Jigs. 874 arid 875) ; style 
filiform ; stigma with two or more points ; ovules amphitropal. 
Fruit indehiscent and 1 or 2-seed ed, or two-valved and dehiscent, 
or a succulent indehiscent pod-like fruit ; in the two latter cases 
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containing a number of seeds. Seeds shining, crested ; embryo 
abaxial, minute (Jig. 877) ; albumen fleshy. 


Fig. 874. Fig. 875 Fig. 87fi. 



Ftq 874. Diagram of the flower of Conrdohs, with two sepals, four petals 
in two whorls, bi\ stamens m two bundles, and u one-celled. ovary with two 

paru tal placenta* Pv 875. Yei tieal si etion of the flow r er of Hirprcoum. 

Fat. 87(>. Upper or postenor petal ot Con/dalis. spurn d at the base, and 

a bundle of three stamens. Fig. 877. \ ertic.il section of the seed oL 

rutnariu. 

Diagnosis. — Smooth herbs, with a watery juice, and alternate 
exstipylate much-divided leaves. Flowers very irregular and 
unsymmetrical, and either purple, white, or yellow. Sepals 2, 
deciduous. Stamens hypogynous, usually 0, diadelphous, or 4, 
distinct, always opposite to the petals. Ovary superior with 
parietal placentas ; ovules horizontal, amphitropal. Embryo 
minute, abaxial, in fleshy albumen. 

Distribution , Examples, and Numbers. — The plants of this 
order principally occur in thickets and waste places in the tem- 
perate latitudes of the northern hemisphere. Examples of the 
Genera : — Dicentra, Fumaria. There are about 110 species. 

Properties and Uses. — These plants possess slightly bitter, 
acrid, astringent, diaphoretic, emmenagogue, and aperient pro- 
perties. The rhizomes or tubers of Dicentra (Corydalis) formosa 
are the source of cor y dali n, which is used by the eclectic prac- 
titioners in the United States of America in syphilis, scrofula, 
&c. ; but the properties of this and other plants of the order 
appear to be unimportant. Some species are cultivated in our 
gardens and greenhouses. The most important of these is 
Dicentra (Dielytra) spectabilis , which has very showy flowers, 
but, like all other plants of the order, it is scentless. 

Natural Order 15. Crucifers or Brassicace^e. — The 
Cruciferous or Cabbage Order. — Character. — Herbs , or very 
rarely shrubby plants. Leaves alternate, exstipulate. Flowers 
usually yellow or white, rarely purple, or some mixture of these 
colours ; inflorescence racemose (Jig. 879) or corymbose ; usually 
ebracteated. Sepals 4 (Jig. 878), deciduous ; sestivation imbricate 
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or rarely valvate. Petals 4 (figs. 24, p , and 878), hypogynous, 
arranged in the form of a Maltese cross, alternate with the 
sepals, deciduous. Stamens 6, tetradynamouB (fig. 880, ec), 


Fig. 881 . 


Fig. 878. Diagram of a Cruciferous flower. Fig. 8*9. Portion of the 

flowering branch of the Wallflower. Fig. 880. Essential organs of the 

Wallflower (Cheiranthus Cfieiri). r. Thalamus, gl. Glands, ec. Tetra- 

dynamous stamens, sti. Stigma. Fig. 881. Siliqua of the Wallflower, 

with one of the valves removed to show the replum, and the stalked 
pendulous seeds. — Fig. 882. The silicula of Shepherd’s Purse ( Capstlla 

Bursa-pastorU ) in the act of dehiscing. Ftg. 883. Silicula of the 

Scurvy-grass ( Cochlearia officinalis) in the act of dehiscing. Fig. 884. 

The embryo of Bunias orientals. Fig. 885. The embryo of the Cabbage 

plant (Bf'assica oleracea). 1. Undivided. 2. Horizontal section, r. Radicle, 
c. Cotyledons. 
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hypogynous. Thalamus furnished with small green glands 
(fig. 880, gl) placed between the stamens. Ovary superior 
(fig. 880), with two parietal placentas (figs. 610 and 878), 1-celled, 
or more usually 2-celled (fig. 878) from the formation of a 
spurious dissepiment called the replum (fig. 610, cl ) ; style none 
(fig. 880) ; stigmas 2 (fig. 881), opposite the placentas. Fruit a 
siliqua (figs. 677 and 881), or silicula (figs. 882 and 883), 1 or 2- 
celled, 1 or many-seeded. Seeds stalked, generally pendulous 
(figs. 881 and 882); embryo with the radicle variously folded upon 
the cotyledons (figs. 766, 767, 768, 884, and 885) ; albumen 
none. 

Diagnosis. — Generally ebracteated herbs. Sepals and petals 
4, deciduous, regular, the latter cruciate. Stigmas 2, opposite 
the placentas. Stamens tetradynamous. Fruit a siliqua or silicula. 
Seeds stalked, without albumen, and with the radicle variously 
folded upon the cotyledons. No other order is likely to be con- 
founded with this if ordinary care be taken , as tetradynamous sta- 
mens only occur here , except in a very feiv plants belonging to the 
natural order Capparidacese. 

Division of the Order and Examples of the Genera. — This large 
and truly natural order has been divided into sub-orders according 
to the nature of the fruit, and also as to the mode in which the 
embryo is folded. The latter is the only satisfactory arrange- 
ment. 

The sub-orders founded on the nature of the fruit are as 
follows : — 

Sub-order 1. Siliquosas. — Fruit a siliqua (figs. 677 and 881), 
opening by valves longitudinally (Jig. 677). Examples : — 
Cheiranthus, Brassica. 

Sub-order 2. Siliculosse latiseptse. — Fruit a silicula opening by 
valves ; the replum in its broader diameter (fig. 883). Ex- 
amples : — Cochlearia, Armoracia. 

Sub-order 3. Siliculosae angustiseptae.— Fruit a silicula opening 
by valves ; the replum in its narrower diameter (fig. 882). 
Examples: — Thlaspi, Iberis. 

Sub-order 4. Nucnmentaceae, — Fruit an indehiscent silicula ; 
often 1-celled, owing to the absence of the replum. Example : 
— Isatis. 

Sub-order 5. Septulatae. — The valves of the fruit opening longi- 
tudinally, and bearing transverse septa in their interior. No 
examples among British plants. 

Sub-order 6. Lomentaceee. — Fruit a siliqua or silicula, dividing 
transversely into 1-seeded portions, the true siliqua sometimes 
barren ; the beak placed above it containing one or two seeds. 
Examples: — Cakile, Raphanus. 

The sub-orders founded on the mode in which the embryo is 
folded are as follows : — 
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Sub-order 1. Pleurorhizeae ( 0 = ) (fy> 768). — Cotyledons 
accumbent, flat; radicle lateral. Examples : — Cheiranthus, 
Arabis. 

Sub-order 2. Notorhizese ( 0 II ) ( fig • 767).— Cotyledons incum- 
bent, flat; radicle dorsal. Examples:— Hesperia, Isatis. 

Sub-order 3. Orthoplocew ( O ^ ) (A- 885).— Cotyledons con- 
duplicate, longitudinally folded in the middle ; radicle dorsal, 
within the fold. Examples : — Brassica, Raphanus. 

Sub-order 4. Spirolobex (Q || ||) (figs. 766 and 884).— Cotyle- 
dons twice folded, linear, incumbent. Examples:— Bunias, 

Erucaria. 

Sub-order 5. Diplecoloheze (O II II || ).— Cotyledons thrice 
folded, linear, incumbent. Examples : — Senebiera, Subularia. 
Distribution and Numbers. — The plants of this order chiefly 
inhabit temperate climates. A large number are also found in 
the frigid zone, and a few in tropical regions, chiefly on moun- 
tains. The order includes about 1 ,600 species. 

Properties and Uses.— This order is generally characterised 
by antiscorbutic and pungent properties, frequently combined 
with acridity ; it is one of the most natural in the Vegetable 
Kingdom, and does not contain a single poisonous plant. The 
seeds frequently contain a fixed oil. Many of our commonest 
culinary vegetables are derived from this order. 

Anastatica hierochujitina, hose of Jericho. — This plant, which is found 
wild in the deserts of Egypt and Syria, is remarkable for its hygrometric 
properties. Thus, when it is full grown, and its branches have become dry 
and withered, it contracts and coils up, so as to assume the form of a ball, 
and in this state it is blown about by the winds from place to place ; but 
if it be then exposed to moisture, it uncoils, and the branches expand again 
as if again possessed of life. ‘ Some superstitious tales are told of it, among 
which, it is said to have first bloomed on Christmas Eve to sal ite the birth 
of the Redeemer, aud paid homage to Ilis resurrection by remaining 
expanded till Easter.’ In Palestine it is termed 4 Kaf Maryan,’ Mary’s 
Flower. 

Brassica.— This genus contains several species which are commonly 
cultivated as food for man and cattle. Brassica Rapa is the common 
Turnip ; and the Swedish Turnip is probably a hybrid between Brassica 
campcstris and B. Rapa or Napvs , but according to some it is derived from 
B. campcstris. — B. Napus yields Rape, Cole, or Colza-seeds, from which may 
be expressed a large quantity of bland fixed oil, which is much employed 
for burning and other purposes. The cake left after the expression of the 
oil is also used as food for cattle, &c., under the name of Oil-Cake. The 
seeds of B. chinejws yield Shaughae Oil. — B. oleracea, the Wild Cabbage, 
is supposed to be the original species from which have been derived, by cul- 
tivation, all the varieties of Cabbage*, Kohl-Rabi, Greens, Broccoli, and 
Cauliflowers. The Kohl-Rabi is produced by the stem enlarging above the 
ground into a fleshy knob, resembling a turnip. Broccoli and Cauliflowers 
are deformed inflorescences. 

Camelina sativa , Gold of Pleasure.— The seeds are stated to be valuable 
as food for cattle. They contain a large quantity of oil. 

Cardamine pratensis y Cuckoo-flower.— The flowers were formerly much 
used for their stimulant and diaphoretic properties, and have long been a 
popular remedy for epilepsy in children. 
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Cochlearia . — C. Armoracia ( Armoracia rusticana ). — The root is the com- 
mon Horseradish, so much used as a condiment. Several fatal cases of 
poisoning have occurred fiom the substitution of Aconite or Monkshood 
root for that of Horseradish, which it is supposed to resemble. Fresh Horse- 
radish root is official, and is used in medical practice : externally , as an 
irritant, rubefacient, and vesicant ; and internally , as a stimulant, diuretic, 
and masticatory. Its virtues depend upon the formation of a small quantity 
of volatile oil, under the influence of water, from the supposed presence of 
the same principles as those contained in Black Mustard seeds. (See 
Sinapis.) Horseradish root should always be used in a fresh state. — C. 
officinalis, Scurvy-grass, was long esteemed for its anti -scorbutic properties. 

Cratnbe maritima , Sea-Kale. — The stem and leaf-stalks of this plant, bv 
cultivation under diminished light, form a much esteemed vegetable. In 
the wild state the plant possesses a good deal of acridity, but this is almost 
entirely removed by cultivation as above. 

lmtis tinctoria, YVoad. — This plant yields a dark-blue dye, which was 
formerly much used in this country and other parts of Europe, but it is 
now randy or ever employed, its use having been superseded by Iudigo. 
In China also, a blue dye is obtained from the fruits of J satis indigotica. 

Lepidium sativum, Carden Cress. — This is well known as a pungent 
salad ; it is commonly used for that purpose mixed with the seedlings of 
the Mustard plants. 

Nasturtium officinale. — This plant is the common Watercress, so well 
known as an excellent and wholesome salad. It has been lately highly 
spoken of as a remedial agent in the treatment of cachectic di eases. Ac- 
cording to Mulder, it contains iodine. 

Haphanus sativus. — This is the common Radish, so much employed os a 
salad, See. The siliques of Haphanus caudatus , when about half-grown, are 
good as a boiled vegetable ; and in a still younger state they form an agree- 
able salad, having a mild radish-like flavour. 

S'tnapis. — This genus is now frequently combined with that of Brassica, 
under the latter name. The seeds of two specie* are in common use in 
medicine arid for culinary purposes, and the seedlings are also employed as 
salads ; these are Sinapis ( Brassica ) nigra and Sinapis ( Brassica ) alba. The 
seeds of the former are dark-coloured, and are known as Black Mustard 
seeds ; those oi the latter have a yellowish colour, and are termed White 
Mustard seeds. Flour of mustard, so extensively u'-ed as a condiment, is 
prepared from a mixture of commonly two parts of powdered black and three 
of white mustard seeds : the proportions, however, used by different manu- 
facturers vary. Both the black and white mustard seeds contain a large 
quantity of fixed oil, which is readily obtained by submitting them to pres- 
sure ; this expressed oil is called fixed oil of mustard. It is remarkable that 
we do not find ready formed in either black or white mustard seeds the pun- 
gent acrid principle for which mustard is distinguished. But when black 
mustard seeds are distilled with water, they yield a very acrid and pungent 
volatile oil, on which their virtues essentially depend. The elements 
of this oil exist in the seed, in the forms of Myronate of Potash or Sim- 
grin and My>ositi. These substances, when mixed through the medium of 
waiter, cause the formation of the volatile oil of black mustard. The active 
properties of white mustard seeds are not due to the presence of a volatile 
oil, as no such oil can be obtained from them by distillation with water, or 
otherwise; but they are principally owing to a tixed acrid oily principle, 
■which is developed under the influence of water, by ihe action of myrosin , 
one of its constituents, on a crystalline principle which it also contains, 
called Sinalbin or Sulpho-sinapisin. Flour of mustard is given internally as 
a stimulant, diuretic, and emetic; and externally applied, it. is irritant, 
rubefacient, &c. The volatile oil is a powerful vesicant. White mustard 
seeds are also token in an entire state as a stimulant in dyspepsia. The 
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seeds of Sinapis juncea, a native of India, possess similar properties to those 
of Black and White Mustard seeds ; they are official in the Pharmacopoeia 
of India, under the name of Sinapis indica. 

Many plants of the order are favourite objects of culture in our gardens, 
such as the Stock ( Matthiola ), Wallflower ( Cheiranthus Cheiri ), Candy- 
tuft (Iberis umbellaia ), Honesty ( Lunaria biennis ), &c. 

Natural Order 16. Capparidace^e. — The Caper Order. — 
Character. — Herbs , shrubs , or rarely trees. Leaves alternate, 
exstipulate or rarely with spiny stipulate appendages. Sepals 
4 ( fig. 651, cal), sometimes cohering more or less ; aestivation 
imbricate or valvate, equal or unequal. Petals usually 4 (fig. 
651, cor), cruciate, imbricate, generally unequal and unguiculate, 
rarely 8, or sometimes none. Stamens numerous or definite, if 
6, very rarely tetradynamous, placed usually upon a prolonged 
thalamus or stalk by which they are raised above the calyx and 
corolla (fig. 651, st). Ovary (fig. 651, ov) placed on a gynophore 
or sessile, 1-celled ; placentas 2 or more, parietal ; style filiform 
or wanting ; ovules amphitropal or campy lotropal. Fruit 1-celled, 
usually many-seeded, very rarely 1-seeded, either pod-shaped 
and dehiscent, or baccate and indehiscent. Seeds generally 
reniforrn, without albumen ; embryo curved ; cotyledons leafy. 

Diagnosis . — Herbs, shrubs, or trees, with alternate leaves. 
Sepals and petals 4 each, the latter cruciate, and generally un- 
equal. Stamens usually numerous, very rarely tetradynamous, 
generally inserted on a stalk, which raises them above the calyx 
and corolla. Ovary 1-celled, placentas parietal. Fruit dehiscent 
or indehiscent, 1-celled. Seeds generally reniforrn ; embryo 
curved ; no albumen. 

Division of the Order and Examples of the Genera. — The order 
is divided, according to the nature of the fruit, as follows : — 

Sub-order 1. Cleomese. — Fruit capsular and dehiscent. Exam- 
ples : — Gynandropsis, Cleome. 

Sub-order 2. Cappareee. — Fruit baccate and indehiscent. Exam- 
ples : — Cadaba, Capparis. 

Distribution and Numbers. — The plants of the order are 
found in tropical and subtropical regions of the globe. In 
Africa they are especially abundant. The common Caper (Cap- 
paris spinosa), which inhabits rocky places in the south of 
Europe, is the only European species, and also that one which 
is found farthest north. The order contains about 360 species. 

Properties and Uses. — In their properties these plants resemble 
in many respects the Crucifene, being generally pungent, stimu- 
lant, and antiscorbutic. Some are aperient, diuretic, and an- 
thelmintic. In some plants the pungent principle is highly 
concentrated, or probably is in itself deleterious, so that those 
in which it is found are very poisonous. 

Cadaba indica . — The root is'reputed to be aperient and anthelmintic. 
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Capparis. — The flower-buds of various species of this genus are used to 
form the well-known pickle called Capers. Thun, Capparis spinosa is that 
employed in the south of Europe, C. Fontanesii in Barbary, and C. segyptiaca 
in Egypt. C. asgyptiaca is stated to be the Hyssop of Scripture. Capers 
are commonly stimulant, antiscorbutic, and aperient. — C. Sadada has a 
small fVuit which possesses an acrid peppery taste, and is an important 
article of food in some parts of Africa. The fruit of one species, said to be 
allied to C. pulcherrima , and which is found in the neighbourhood of 
Carthagena, is extremely poisonous. 

Cleome. — Some species are very pungent, and are used as condiments 
like our mustard. 

Ch'ateeva religiosa is commonly employed amongst the natives in India 
as a stomachic and tonic. The root of C. gynandra , the Garlic Pear, is said 
to be vesicant. 

Gynandropsis pentaphylla , a native of India, is reputed to be antispas- 
modic. The bruised leaves are rubefacient, and even vesicant ; and its 
seeds are used as a substitute for mustard, and, like mustard seeds, contain 
a fixed oil. 

Pofanisia. — Some species of this genus .are also employed like mustard. 
The root of P. icosandra is used internally as a vermifuge, and externally 
as a rubefacient, &c. 

Natural Order 17. Resedaoe^e. — T he Mignonette Order. — 
Character. — Herbs , or rarely small shrubs. Leaves alternate, 
entire or divided, exstipulate, or with minute glandular stipules, 
witli glandular appendages at their base. Calyx with from 4—7 
divisions. Petals 2 — 7, lacerated (jig. 494), unequal. Disk 
fleshy, hypogynous, one-sided. Stamens definite, inserted on 
the disk. Ovary sessile, 1-celled (Jig. GIG); placentas 3 (jig. 016, 
pi) or 6, parietal; stigmas 3, sessile. Fruit opening at the apex 
long before the seeds are ripe (jig. GOO), 1-celled, and with 3 or 
6 parietal placentas ; or sometimes with a free central placenta. 
Seeds usually numerous, reniform ; embryo without albumen. 

Diagnosis. — Usually herbs, with alternate leaves and unsym- 
metrical flowers. Disk large, hypogynous, one-sided. Stamens 
definite, not tetradynamous. Ovary sessile, 1-celled ; stigmas 3, 
sessile. Fruit usually opening early at its apex. Seeds gene- 
rally numerous, reniform, exalbuminous. 

Distribution , Examples , and Numbers. — They are chiefly 
natives of Europe and the adjoining parts of Africa and Asia. 
A few occur in the north of India, Cape of Good Hope, and 
California. Examples of the Genera : — Reseda, Astrocarpus. 
There are about 45 species in this order. 

Properties and Uses. — But little is known of their properties. 
The plants are gererally somewhat acrid, and were formerly 
suppose 1 to be sedative. 

Reseda. — Reseda odorata is the Mignonette plant, which is so much 
esteemed for the fragrance of its flowers. — Reseda luteo/a, a common plant 
in this country, and known under the name of Weld, yields a yellow dye. 

Natural Order 18. Cistace^e. — T he Rock-Rose Order. — 
Character. — Shrubs or herbs y often viscid. Leaves opposite 
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or alternate, entire, stipulate or exstipulate. Flowers showy. 
Sepals usually 5 (jig. 886), sometimes 3, persistent, unequal ; 
aestivation of the three inner twisted. Petals usually 6 (fig. 886), 
very rarely 3, caducous, hypogynous, frequently corrugated in 
the bud, and twisted in a reverse way to that of the sepals. 
Stamens (fig. 886), distinct, hypogynous, definite or indefinite. 
Ovary 1 (jig. 886) or many-celled ; style single ; stigma simple. 
Fruit capsular, usually 1-celled, with 3—5, or rarely 10 valves ; 
or imperfectly 3 — 5— 10-celled ; placentas parietal (fig. 886). 

Fig. 886. 



Pig. 886. Diagram of the flower of a species of HcJumthrmum. Ft a. 887. 

Section of the seed of a species of Cistus, the pointed end being its apex. 


Seeds definite or numerous, albuminous (fig. 887) ; embryo 
(fig. 887) curved or spiral, with the radicle remote from the 
hilum. 

Diagnosis. — Leaves entire. Sepals and petals with a ternary 
or quinary arrangement, twisted in aestivation ; the former per- 
sistent, the latter caducous. Stamens hypogynous, distinct. 
Ovary with parietal placentas ; style single ; stigma simple. 
Fruit capsular. Seeds with mealy albumen ; embryo inverted, 
curved or spiral. 

Distribution , Examples, and Numbers. — These plants are 
most abundant in the South of Europe and the North of Africa. 
Some few are found in other parts of the globe. Examples 
of the Genera : — Cistus, Helianthemum. There are about 200 
species. 

Properties and Uses. — These plants have generally resinous 
and balsamic properties. Some are regarded as stimulant and 
emmenagogue. 

Cistus creticus. — The fragrant resinous substance called Ladanum or 
Labdanum, is obtained from this plant in the Levant, and also from C. 
ladaniferns, C. laurifolivs , and C. salvifolius. Ladanum has been used as a 
stimulant and expectorant, but it is now obsolete. It is still employed, 
however, by the Turks as a perfume, and for fumigation. 

Natural Order 19. Bixace^e or Flacourtiaceje. — The 
Annatto or Amatto Order. — C haracter. — Shrubs or small trees. 
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Leaves alternate, exstipulate, usually entire and leathery, and 
very often dotted. Sepals 4 — 7, somewhat united at the base. 
Petals hypogynous, distinct, equal in number to the sepals and 
alternate with them, or sometimes absent. Stamens hypogy- 
nous, of the same number as the petals, or some multiple of 
them. Ovary 1 or more-celled, sessile or slightly stalked ; 
placentas 2 or more, parietal, sometimes branched so as to form 
a network over the inner surface of the ovary and fruit. Fruit 
1-celled, dehiscent or indehiscent, having a thin palp in its 
centre. Seeds numerous, usually enveloped in a covering formed 
by the withered pulp ; albumen fleshy-oily ; embryo straight, 
axial ; radicle turned to the hilnrn. 

Diagnosis. — Shrubs or small trees, with alternate exstipulate 
leaves. Flowers polypetalous or apetalous ; petals hypogynous. 
Stamens hypogynous, equal in number to the petals, or some 
multiple of them. Fruit dehiscent or indehiscent ; placentas 
parietal. Seeds numerous, albuminous ; embrj T o axial, straight ; 
radicle towards the hilum. 

Distribution , Examples , and Numbers. — The plants of this 
order are almost confined to the hottest parts of the East and 
West Indies, and Africa. Examples of the Genera : — Bixa, Fla- 
courtia. There are about 100 species. 

Properties and Uses. — Many plants of the order are feebly 
bitter and astringent, and have been used as stomachics ; others 
are alterative, tonic, and emetic. The fruits of Oncoba and of 
some of the Flaconriias are edible and wholesome ; but those of 
some other plants are poisonous. The seeds of some species are 
used as dyeing and colouring agents. 

Bixa Orellana. — The seeds of this plant are covered by a reddish pulp, 
from which Arnatto or Annatto is made. This is used as a red dye, and for 
colouring cheese, chocolate, and butter. The seeds are said to be cordial, 
astringent, and febrifugal. 

Cothlospermvm Gossypium . — According to Rovle, the trunk of this plant 
yields the gum Kuteera, which in the North-western Provinces of India is 
used as a substitute for Tragacanth. 

Gynocardia odorata. — The seeds, which are official in the Pharmacopoeia 
of India, are known under the names of Chaulmugra , Chaulmogra , or 
Chaulmoogra. They yield by expression a fixed oil in which their proper- 
ties essentially reside. The oil and seeds have long been employed inter- 
nally with success in India, in leprosy, scrofula, skin diseases, and in 
rheumatism ; and the oil has also been of late years used with success in 
this country in similar diseases. The oil and seeds, in the form of an oint- 
ment, have also been much employed as a local stimulant in various skin 
diseases, etc. 

Hydnocarpus. — The seeds of H. Wight! ana, Bl., and of IT. venenata , 
G&rtn., both of which species were formerly confounded together under the 
name of H. inehrians , Vahl., also yield fixed oils, winch have similar pro- 
perties, pnd are used both externally and internally in similar cases to the 
seeds and oil of chaulmugra. The fruit of II. venenatus is poisonous, and 
is employed in Ceylon for poisoning fish. 

Natural Order 20. Yiolace^c. — T he Violet Order. — Charac- 
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ter. — Herbs or shrubs. Leaves simple, stipulate (Jig. 374), with 
an involute vernation, alternate or sometimes opposite. Sepals 

5 (fig. 787), persistent, imbricate, 
usually prolonged at the base. 
Petals 5 (fig. 787), hypogynous, 
equal or unequal, one usually 
spurred. Stamens equal in num- 
ber to the petals (fig. 787), and 
usually alternate with them, or 
rarely opposite, inserted on a 
hypogynous disk, often unequal ; 
anthers 2-celled, sometimes united 
(fig. 888), introrse ; filaments 
short and broad (fig. 888), and 
elongated, so as to project beyond 
the anthers (fig. 522) ; when the 
flowers are irregular, two of the 
anthers are spurred at the base 
(fig. 888). Ovary 1-celled (fig. 32), 
w ith 3 parietal placentas (fig. 787) ; 
style single, usually declinate (fig. 
32) ; stigma capitate, oblique, hooded (fig. 888, st) ; ovules usually 
numerous (fig. 32, o, o). Fruit capsular, 3-valved, dehiscence 
loculicidal ; placentas parietal, on the middle of the valves (fig. 
676). Seeds usually numerous (fig. 676), sometimes definite ; 
embryo straight, erect, in the axis of fleshy albumen (fig. 889). 

Diagnosis. — Herbs or shrubs. Leaves simple, stipulate, and 
with involute vernation. Sepals, petals, and stamens 5 each, 
hypogynous. Stamens all perfect ; anthers introrse with the 
filaments prolonged beyond them, and sometimes having spur- 
like appendages below. Ovary 1-celled, with 3 parietal pla- 
centas ; style and stigma single. Fruit 1-celled, dehiscing by 
3 valves, each valve bearing a placenta in its middle. Seeds 
having a straight erect embryo in the axis of fleshy albumen. 

Division of the Order and Examples of the Genera. — The order 
has been divided as follows : — 

Sub-order 1. Violese. — Having irregular flowers and appendaged 
anthers. Examples : — Yiola, Ionidium. 

Sub-order 2. Alsodeae. — With regular flowers, and anthers not 
furnished with spurred appendages. Examples: — Alsodeia, 
Pentaloba. 

Distribution and Numbers . — The herbaceous plants of the 
sub-order Viole® are chiefly natives of Europq Siberia, and 
North America ; the shrubby mostly of South America. The 
AlsodeaB are exclusively natives of South America, Africa, and 
Malacca. There are about 300 species belonging to the order. 

Properties and Uses. — The plants of this order are chiefly 
.remarkable for emetic and purgative properties. A few also are 


Fig. < 


Fig. 889. 



Fig. 888. Essential organs of the Pansy 
( Viola tricolor). Jit. Obliquely hooded 
stigma, a. United anthers, tvo 
having long spurred appendages at 
the base. Fig. 889. Vertical sec- 

tion of the seed of the Pansy. 
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mucilaginous, and others have been reputed to be anodyne. The 
emetic property is due to a peculiar alkaloid named violia , which 
greatly resembles, if it be not identical with, emetia , the active 
principle of the true Ipecacuanha root. (See Cephalitis.) This 
principle is more especially found in some of the shrubby South 
American species, but it also occurs, to some extent at least, in 
many of the herbaceous European species. 

lonidivm . — The root of 1. Ipecacuanha, Woody Ipecacuanha, i<? the False 
Ipecacuanha of Brazil ; it is employed as an emetic in that region. Other 
.species of lonidivm , as I. porvjiontm, I. Itubu , and other species, possess 
similar properties. The roots of I. parciftornm ( T. microph^lhnn , Humn. 
and Deo.) constitute the C'uehunchully do Cuenca, which is much used in 
Venezuela as a remedy for elephantiasis. 

Viola. — The flowers of T~. odorata , the March or Sweet Violet, have been 
always highly esteemed for their fragrance. An infusion or syrup of the 
petals is a useful chemical test, as its violet or purplish colour is chanced 
into red hy acids, and green by alkalies. The syrup is employed partly ori 
account of its colour and odour, but chieth as a laxative for very young 
children, 'l hc flowers were formerly regarded as anodyne. The roots, 
stems, and seeds have been also regarded as emetic and purgative. They 
contain violia or violin, apiineiple which, as just stated, is closely analogous 
to. if not identical w Lth, emetia. — V. pedata , a native of North America, and 
official in the United States lMiarma< opoeia, possesses similar properties to 
V. odorata. — Viola cunhia , the Dog Violet, is said to he efficacious in certain 
(utaiieous diseases. — Viola tricolor , a common indigenous plant, is theoiigin 
of all our cultivated varieties of Pansies or Heartsease. The Violets gene- 
ra)!} have been used on tin* Continent as demulcent expectorants. 

Natural Order 21. Sauva<jesia< e.e. — T he Sauvagesia Order. 
— Character. — This order is by some botanists considered 
as merely a sub-order of Yiolacete. It is distinguished by its 
plants having either 5 perfect stamens alternate with 5 sterile 
ones, or numerous stamens. If there are only 5 stamens, these 
are also opposite the petals ; the anthers are likewise extrorse, 
and have no appendages. The fruit also hursts septicidally, 
and lienee each valve hears the placentas at its margins. 

Distribution , Examples , and Numbers. — They are natives 
chiefly of South America and the West Indies. Examples of the 
Genera . Sauvagesia, Lavradia. Lindley enumerates 15 species. 

Properties and Uses.- - But little is known of the properties of 
the plants in this order, San vagesia e reel a contains a good deal 
of mucilaginous matter, and has been used internally as a diu- 
retic, and in inflammation of the bowels, and also externally in 
diseases of the eye. 

Natural Order 22 DKOSERArEiE. — The Sundew Order. — 
Character. — Herbaceous plants growing in boggy or marshy 
places, frequently glandular. Learns alternate, fringed at their 
margins (fig. 370), and wbth a circinate vernation. Inflorescence 
scorpioid. Sepals and petals 5, hypogynous, equal, imbricate, 
persistent. Stamens as many as the petals and alternate 
with them, or twice, thrice, or four times as many, distinct, 
withering, hypogynous ; anthers extrorse. Ovary 1-celled, with 
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parietal placentation, superior ; styles 3— 5, distinct or connected 
at the base ; ovules numerous, anatropal. Fi'uit capsular, 
1-celled, bursting by 3 or 5 valves, which bear the placentas in 
their middle or at their base ; hence the dehiscence is loculicidal. 
Seeds numerous, with or without an aril ; embryo minute, at the 
base of abundant fleshy albumen. 

Diagnosis. — Bog or marsh herbs, with alternate exstipulate 
leaves, and a circinate vernation. Inflorescence scorpioid. 
Flowers regular and symmetrical, hypogynous, with a quinary 
arrangement of their parts, which are also persistent and im- 
bricate. Anthers extrorse. Placentas parietal. Fruit capsular, 
1-celled, with loculicidal dehiscence. Seeds numerous ; embryo 
small, at the base of copious fleshy albumen. 

Distribution , Examples, and Numbers. — These plants are found 
in almost all parts of the world with the exception cf the Arctic 
regions. Examples of the Genera : — Drosera, Dionma. There 
are about 00 species in this order. 

Properties and Uses. — They possess slightly acid and acrid 
properties. Drosera rotu ndifolia and D. loiigifolia appear to 
have been very early employed as a remedy for consumption, but 
have now fallen into disuse. Some of the Droseras are said to 
be poisonous to cattle, but there is no satisfactory proof of such 
being the case. It has been supposed that certain species of 
Drosera would yield valuable dyes, because they communicate a 
brilliant purple stain to the paper upon which they are dried, 
and also from the circumstance of their yielding a yellow colour 
when treated with ammonia. The plants of the order are, how- 
ever, chiefly interesting, from the peculiar irritability of the 
glands on their leaves. Thus, the Sundews ( Droseras ) are 
fringed with beautiful stalked glands, which close more or less 
in different species when insects alight upon them ; while the 
plant known as Venus’s Flytrap (Dion, tea mnscipnla) (fig. 370), a 
native of North America, has two-lobed leaves, each of which 
is furnished on its upper surface with three stiff glands, which, 
when touched, cause the two halves of the leaf to collapse and 
enclose the object touching them. The glands in these plants 
secrete a viscid acid digestive fluid, so that insects which alight 
on them are unable to escape, and become ultimately dissolved 
and absorbed for their nourishment. The acid present in this 
fluid is said to be citric. 

Natural Order 23. Frankeniace^e. — T he Frank enia or Sea- 
Heath Order. — Diagnosis. — Herbs or underslwubs, much branched, 
with opposite exstipulate leaves, and sessile flowers. Calyx 
tubular, furrowed, persistent. Petals unguiculate, 4 or 5, hypo- 
gynous. Stamens hypogynous, distinct. Ovary superior, 1- 
celled, with parietal placentas. Fruit capsular, 1-celled, in- 
closed in the calyx, and dehiscing in a septicidal manner. Seeds 
numerous, minute ; embryo straight, erect, in the middle of 
albumen. 
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Distribution, Examples, and Numbers. — The plants of this 
order are scattered over the globe, except in tropical India and 
North America, but they chiefly occur in the south of Europe 
and North of Africa. Examples of the Genera : — Frankenia, 
Beatsonia. There are 24 species mentioned by Lindley. 

Properties and Uses. — Unimportant. They have been reputed 
mucilaginous and slightly aromatic. The leaves of a species of 
Beatsonia are used at St. Helena as a substitute for tea. 

Natural Order 24. Tamakk^aoe^. — T he Tamarisk Order. — 
Diagnosis — Shrubs or herbs, with alternate entire scale-like 
leaves, and spiked or racemose jion'ers. Calyx 4 — 5-parted, im- 
bricate, persistent. Petals distinct, and attached to the calyx, 
withering, imbricate. Stamens hypogynous ; anthers introrse. 
Ovary superior, with 3 distinct styles. Fruit 1-celled. dehiscing 
loculicidally by 3 valves. Seeds numerous, comose, without albu- 
men, and having a straight embryo, with the radicle towards the 
hilum. 

Distribution, Examples, and Numbers. — The plants of this 
order usually grow by the sea-side, or sometimes on the margins 
of rivers or lakes. They are most abundant in the basin of the 
Mediterranean, and are altogether confined to the northern 
hemisphere of the Old World. Examples of the Genera : — 
Tamarix, Myricaria. There are 43 species. 

Properties and Uses. — The bark of these plants is astringent, 
slightly bitter, and tonic. The ashes of some species of Tamarix 
contain much sulphate of soda. 

Tamarii . — T. inannifera produces a wohavino mbstancc, which is 
known under the name of Mount Sinai Manna. This is considered by 
Ebrenberg as an exudation produced by a species of Coccus, which inhabits 
this plant. — T. galltea, T. orientals , and some other species of Taman r. are 
liable to the attack of insects, which produce galls on their surface. These 
galls are astringent, and are sometimes used in medicine, and as dyeing 
agents where astringent substances are required. 

Natural Order 25. Elatinace^e. — T he Water-Pepper Order. 
— Diagnosis. —Little annual plants, with hollow creeping stems, 
and opposite leaves with interpetiolar membranous stipules. 
Flowers small and axillary. Sepals and petals 3 — 5, the latter, 
as well as the stamens, being distinct and hypogynous. Ovary 
superior ; styles 3 — 5 ; stigmas capitate. Fruit capsular, 3 — 5- 
celled, placentation axile ; dehiscence loculicidal. Seeds nu- 
merous, exalbuininous : embryo straight. 

Distribution, Examples, and Numbers. — The plants of this 
small order are scattered all over the world. Examples of the 
Genera : — Elatine, Merimea. Lindley enumerates 22 species. 

Properties and Uses. — They are generally considered acrid, 
hence the English name of the order. 

Natural Order 26. CabyophyllacEwE. — T he Pink or Clove- 
wort Order. — Character. — Herbs. Stems swollen at the joints. 
Leaves opposite, entire, exstipulate, often connate at their base. 

g a 2 
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Inflorescence various, cymose (fig. 429). Flowers generally her- 
maphrodite, or rarely unisexual. Sepals 4 or 5 {fig. 890), distinct 
or coherent into a tube (fig. 455), persistent. Petals equal in 
number to the sepals (fig. 890), hypogynous, unguiculate (fig. 
470), often deeply divided (fig. 469), sometimes absent, fre- 
quently raised above the calyx on a stalk (fig. 891). Stamens 
equal in number to the sepals, and then either alternate or oppo- 
site to them, or usually twice as numerous (figs. 890 and 892), 
or rarely fewer, frequently attached with the petals on a stalk 
above the calyx (fig. 891) ; filaments generally distinct (fig. 892), 
or sometimes united at the base, subulate ; anthers innate. Ovary 


Fig. 800 . 


Fig. 891 . 



Fi ( f 890. Diagram of the fl >wer of a s]>eeies of Dianthu*. — -Fij. 891. Vor- 
tical section of the flower of the same. Fig. 892. Essential organs o la 

snecies of Stt liana. Fig. 893. Capsule of Dtanfhu <, dehiscing in a valvular 

manner by four teeth at the apex. Fig. 894. Vertical section ol the 

seed of Chick weed ( Stellaria ). 


sessile (fiq. 892), or supported with the petals and stamens on a 
short gynophore (figs. 697, g, and 891), 1-celled generally - (figs. 
628 and 629), or rarely 2 — 5-celled (figs. 027 and 890) ; styles 2 
(fig 597) to 5 (figs. 628 and 629), papillose on their inner 
surface (fig. 597), and hence should be properly regarded a,s 
stigmas ; ovules few or numerous (figs. 628 and 629, g), amphi- 
tropal. Fruit a 1-celled capsule, opening by 2—5 valves (fig. 
893), or by 4-10 teeth at the apex (fig. 658), and having a free 
central placenta (figs. 628 and 629, p), or rarely 2-5-celled 
with a loculicidal dehiscence, and with the placentas slightly 
attached to the dissepiments. Seeds usually numerous, rarely 
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few ; embryo curved round the albumen {figs. 772 and 894), 
which is of a mealy character. 

Diagnosis. — Herbaceous plants with stems swollen at the 
joints, and opposite entire exstipulate leaves. Flowers usually 
hermaphrodite. Sepals, petals, and stamens with a quaternary 
or quinary arrangement, the petals sometimes absent. Stamens 
hypogynous ; anthers innate. Ovary commonly 1-celled, styles 
2—5. Capsule 1-celled, or rarely 2 — 5-celled ; placenta usually 
free central, or in the 2 — 5-celled fruit slightly attached to the 
dissepiments. Seeds with the embryo curved round mealy 
albumen. 

Division of the Order and Examples of the Genera : — The order 
has been divided into three sub-orders as follows : — 

Su b- order 1. A Isinex, the Chick weed Sub-order. — Sepals dis- 
tinct, and opposite the stamens when the latter are equal to 
them in number. Examples : — Alsine, Stellaria. 

Sub-order 2. Silenex, the Pink Sub-order.— Sepals cohering into 
a tube, and opposite the stamens when the latter are equal to 
them in number. Examples: — Hianthus, Lychnis. 

Sub-order 3. Moling me#,, the Carpet-weed Sub-order. — Sepals 
distinct or nearly so, and alternate with the stamens when 
the latter are equal to them in number. If the stamens are 
fewer than the sepals, they are then alternate with the carpels. 
Examples : — Mollugo, Ceelaiithium. 

Distribution and Numbers . — They are natives chiefly of tem- 
perate and cold climates. When found in tropical regions they 
are generally on the sides and summits of mountains, com- 
monly reaching the limits of eternal snow. The order contains 
about 1,000 species. 

Properties and, Uses . — The plants of this order possess no im- 
portant properties. They are almost always insipid. Some of 
the wild species are eaten as food by small animals, and some 
have been said to increase the lacteal secretions of cows fed upon 
them. This is supposed to be the case more particularly with 
Vaccaria vulgaris. Saponaria ojfficinalis has been used in syphi- 
lis ; it contains a peculiar principle called saponin. This prin- 
ciple has also been found in species of Lychnis , 8‘dene , Cucuba- 
lus ; and more especially in Gypsophila Struthium, to which latter 
plant it communicates well-marked saponaceous properties: hence 
it is commonly termed Egyptian Soap-root. The other species 
in which saponin is found also possess, to some extent, similar 
properties. Saponin is reputed to be poisonous in its nature. 

Some of the plants have showy flowers, as the species of 
Dianthm, idilene, and Lychnis ; but they are generally insigni- 
ficant weeds. lHmttlvus barbatus is the Sweet-William of our 
gardens ; D. plumarius is the parent of all the cultivated 
varieties of the common Pink ; and D. Caryophyllus, the 
Clove Pink, is the origin of the Carnation and its cultivated 
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varieties, 'ahich are known commonly as Picotees, Bizarres, and 
Flakes. 

Natural Order 27. Vivianiace^e. — T he Viviania Order. — 
Diagnosis . — These plants are readily known among the Thala- 
miflorae by their exstipulate leaves, regular flowers, valvate 
10-ribbed calyx, permanent withering twisted petals, 10 hypo- 
gynous stamens with distinct fllaments, 2-celled anthers with 
longitudinal dehiscence, superior 3-eelled ovary, 3-celled capsule 
with loculicidal dehiscence, and albuminous seeds with a curved 
embryo and radicle next the liilum. 

Distribution , Examples, and Numbers. — They inhabit Chili 
and South Brazil. Examples of the Genera: — Caesarea, Yiviania. 
There are 15 species. 

Properties and Uses. — Unimportant. 

Natural Order 28. Malvaceae. — The Mallow Order. — 
Character. — Herbs , shrubs , or tiees. Leaves alternate, more 
or less divided in a palmate manner {Jig. 319), stipulate. Flowers 
regular, usually axillary, and often surrounded by an involucre 
or epicalyx {Jigs. 465 and 895). Sepals usually 5 {Jigs. 465 and 
895), rarely 3 or 4, more or less coherent at their base {Jig. 465); 
with valvate or some form of circular aestivation {Jig. 895). 
Petals hypogynous, equal in number to the divisions of the 
calyx {Jig. 895), with a twisted aestivation, either attached to 
the column formed by the united stamens {Jig. 896) or free. 
Stamens hypogynous, numerous, monadelphous {Jigs. 544 and 
890) ; anthers 1-celled, reniform, with a transverse dehiscence 
{Jig. 530). Ovary consisting of several carpels {Jigs. 895 and 
897), which are either apocarpous {Jig. 897), or united so as to 
form a compound ovary with as man}^ cells as there are carpels ; 
placentas attached to the ventral sutures when the carpels are 
apocarpous {Jig. 898, pi), or axile when the ovary is compound ^ 
styles equalling the carpels in number {Jig. 897), united or dis- 
tinct. Fruit either a carcerule, that is, consisting of a number 
of 1-celled, indehiscent {Jigs. 700 and 898), 1 or many-seeded 
carpels ; or a capsule with loculicidal {Jig. 667) or sejiticidal 
dehiscence, and numerous seeds. Seeds sometimes hairy ; al- 
bumen none or in small quantity ; embryo curved ; cotyledons 
much twisted {Jig. 898, c). 

Diagnosis. — Leaves alternate, simple, stipulate. Flowers 
regular. Calyx with valvate or some form of circular aestivation. 
Petals twisted in aestivation. Stamens hypogynous, numerous ; 
anthers 1-celled, reniform, opening transversely ; filaments united 
so as to form a column. Carpels distinct or united. Seeds with 
very little or no albumen ; embryo curved ; cotyledons twisted. 

Division of the Order and Examples of the Genera. — This 
order may be divided into three tribes as follows : — 

Tribe 1. Malvese. — Flowers furnished with an involucre or epi- 
calyx {Jig. 895 ). Fruit consisting of separate carpels (apocar- 
pous) {Jig. 898 ). Examples : — Malva, Althaea. 
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Tribe 2. Uibiscese. — Flowers furnished with an involucre (fig. 
465). Fruit formed by the union of several carpels (syncar- 
pous) (fig. 667). Examples: — Hibiscus, Gossypium. 

Tribe 3. Sideee. — Flowers without an involucre. Fruit apocar- 
pous or syncarpous. Example : — Sida. 

Distribution and Numbers. — These plants are chiefly natives 
of the tropics and the warmer parts of temperate regions. They 
diminish gradually as we approach the north, and are altogether 
absent in the frigid zone. There are more than 1,000 species. 


Fig. 895. Fig. 89G. 



Fig. 897. 


Fig. 898. 



Fiq. Si) 5. Diagram of the flower of a species of Malta. The three external 
lines represent bracts, w Inch form an epiealyx or involucre f l(f ' ' ’* 
Vertical section of the flower of a Mallow.— —7 *7- 89 g Fistil of ti 

same surroande.1 by the calyx. Ftj. 898. Horizontal section of the 

iruit of Malva sylvettris. a. Axis. pi. Placenta. 1. An empty c 
c. Embryo with twisted cotyledons. 


Properties and Uses. — No plant of this order possesses any 
deleterious properties. The order is generally characterised by 
mucilaginous and demulcent qualities. From the liber of manj 
species strong and tough fibres are obtained, and the hairs cover- 
ing the seeds of certain species constitute cotton. 


Ahutilon esculentum , Ben^ao de Deos, furnishes an article of diet, the 
boiled flowers being used in Brazil as a vegetable. 

Althsea. — The root and leaves of A. officinalis , the Marsh-mallow plant, 
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abound in mucilage, particularly the root, and hence all preparations from 
these parts are demulcent, and useful in diseases of the mucous membranes, 
&c. An emollient cataplasm is also occasionally prepared from the boiled 
root. In France, Marsh-mallow is in much greater request than in this 
country. A favourite preparation there is the P&te de Guimauve, which is 
a kind of lozenge made with the mucilage of Althaea root, gum-arabic, 
sugar, and white of egg . — Althaea rosea, the Hollyhock of our gardens, has 
similar properties, and the flowers arc on that account official in Greece. 
From the leaves a blue colouring matter resembling indigo is obtained. 
Strong fibres have been also procured from the bark, and used in the 
manufacture of good cordage. 

Gossypium . — Several species and varieties of this genus furnish cotton, 
which is the hairy covering of their seeds. (See page Cl.) There appear, 
liov ever, to be three species especially, from which our commercial cotton 
is obtained, namely, G. herbaceum, G. bar bade use, and G. peruvianum. 1. 
Gossypium herbaceum , which is supposed by Masters to be a cultivated 
variety of G. Stocksii , a native of Sindh, yields the common Indian cottons, 
as Dacca, Debar, Nankin, &c. Nankin Cotton is remarkable for its 
yellowish-brown colour, which colour was formerly thought to be artificial, 
and produced by dyeing, but it is now known to be narural to it. 2. G. 
barbadense is the species which yields all the best long staple cotton of com- 
merce. Thus from it the much-esteemed Sea-Island Cotton is obtained, 
as also the New Orleans, Georgian, and other cottons derived from the 
United States. It also yields the Bourbon cotton of India. 3. G. peruvianum 
or acuminatum , probably a variety of the latter, furnishes the South 
American vaiieties of cotton, as Pernambuco, Peruvian, Brazilian Cotton, 
Ac. Another species, Gossypium arboreum , is the Tree-Cotton of India, 
which yields a variety of a very line, soft, and silky nature. This is used 
hv the natives of India for making turbans. The amount of cotton employed 
tor manufacturing purposes in this and other countries is enormous, although 
the supply was much interfered with by the late American Avar : hence, since 
that period, the cultivation in the East Indies, Africa, &e., of the plants 
yielding it has occupied the serious attention of the government in this and 
other countries, and large supplies are now obtained from the East Indies, 
Egypt, &c. The amount of cotton, however, produced in the United States 
during the present year (1881) is the largest ever known, being estimated 
to exceed 7,000,000 bales. The increase in the consumption of cotton in 
this country may he at once judged of by the following statement. In 1800, 
the amount of cotton imported was 50,010,732 lbs. ; in 1810. it had increased 
to 132,488,935 lbs. ; in 1820, to 151,672,055 lbs. ; in 1830, to 263,961,452 lbs. ; 
in 1840, to 592,488,000 lbs. ; and in 1850, to about 772,000,000 lbs. This 
latter amount is equivalent to about 2,600,000 bales, each of which averages 
336 lbs. in weight, making altogether about 340,000 tons. It has been 
computed that the value of this in a raw state is about 30,000,000/., and 
when manufactured into cotton fabrics, about three times that amount, or 
90,000,000/. Of these about 30,000,000/. worth were exported from the 
United Kingdom, and 60,000,000/. worth consumed in this country. In the 
United Kingdom there were at the same period about 2,000 cotton factories, 
using a motive power equivalent to that of 90,000 horse*., and employing 
350,000 human beings. The above interesting statistical record will exhibit 
in a prominent manner the immense importance of cotton to the inhabitants 
of this country. From 1850 up to the time of the American war the con- 
sumption of cotton enormously increased ; it then materially decreased, but 
at the present time the quantity consumed in this country alone is probably 
not less than 1,500,000,000 lbs. ; and by the whole manufacturing world 
about double this quantity. 

Cotton is official in the British Pharmacopoeia for the purpose of pre- 
paring gun-cotton ( Pyroxylin ) from which collodion and flexible ’’ollodion 
are directed to be made. Collodion is a valuable local application to 
■wounds, &c., and in burns, skin diseases, erysipelas, &c. Cotton in itself is 
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also a useful application to burns and inflamed surfaces. It acts by ex- 
cluding the air, and by keeping the affected parts at a uniform temperature. 
The seeds of the Cotton-plants, after the cotton has been obtained from 
them, upon being submitted to pressure, yield a fixed oil, which may be 
employed for burning in lamps, and for other purposes. From 80,000 to 
100,000 tons are imported annually. The oil has been largely used in place 
of olive oil for edible purposes, and for making soap. The cake left after 
the expression of the oil is employed for feeding cuttle. A decoction of 
cotton seeds has been employed in the United States as a remedy in inter- 
mittents. Cotton-root bark is regarded in the Southern States of America 
as an excellent emmenagogue. 

Hibiscus. — The unripe fruit of Hibiscus (Abclmoschus) escnlentm, known in 
the East and West Indies under the name of Okra, (ionibo, Bertdikai, &c., is 
used, on account of the abundance of the mucilage it contains, to thicken soups, 
&c., und in Western Africa in various ways iti the preparation of native dishes. 
It also possesses valuable emollient and demulcent properties, and may be 
employed in all cases where such remedies are required. It is official in 
the Pharmacopoeia of India. The roasted >eeds have been u>ed as a substitute 
for cofi'ee. The seeds also yield by expression an oil which may be employed 
for edible and other purposes like olive oil. The fibre of the stems is also 
valuable for paper-making, and a patent has been taken out in France for 
this purpose, and the plant has been introduced into Algeria. The paper 
prepared from it is called ban da paper — Abelmosciius moschatus derives its 
specific name from the musky odour of its seeds, which are regarded as 
cordial and stomachic, and arc sometimes mixed with coffee by the Arab*. 
They are also employed as a perfume. Tlu* powdered seeds steeped in rum 
are used in the West Indies as a remedy against the bites of serpents. — 
H. cannabinus yields trie valuable fibre known under the name of Sunnee 
or Brown Indian Hemp, which is commonly used in India as a substitute 
for true Hemp, lb i- sometimes termed Sunn Hemp, hut improperly so, 
as the true Sunn is derived from Crotalaria juncea, a plant of the order 
Eeguminosic. (See Crotalaria.) From the seeds a fixed oil is obtained by 
expression. — Hibiscus arboreus, a native of the West Indies, is also remark- 
able for the tenacity of its inner bark, and it is said by some authors that 
the whips formerly used by the slave-drivers were manufactured from its 
fibres. (See Lagettn.) — Hibiscus Jiosa-siucnsis has astringent pci als, which are 
used 1 v the Chinese to blacken their eyebrows, and the leather of their shoes. 
The expressed fresh juice of these petuls is said to form a good substitute for 
litmus ; and an infusion of the petals lias also been reputed useful as a de- 
mulcent refrigerant drink in fevers. Various other spjcies of Hibiscus, as H. 
striatus , H. tiliaceus , &c. also yield valuable fibres, useful for textile fabrics, 
or for paper-making. 

Malachra capitata. — The leaves are reputed to be anthelmintic, and are 
employed for such a purpose in Panama. 

Mulva. — Malva sylvestris . the common Mallow, has similar properties to 
the Marsh-mallow. (See Althsea.) Its bark also yields strong fibres. — 
Malva Alcea. The petals of this planr have astringent properties, and yield, 
a black dye. 

Puritium datum. — The material known as Cuba Bast, now largely 
used by gardeners for tying up plant;", &c., is prepared from the liber of 
this tree. Cuba Bast is also employed for tying up the bundles of flavannah 
cigars. 

Pavonia diuretica derives its specific name from its supposed diuretic pro- 
perty, for which purpose it is used in Brazil. 

Sida. — Sida micrantha and other species supply fibres useful in the manu- 
facture of cordage, &c. Kocket-sticks are also obtained from the stems of <S. 
micrantha. — Sida cordifolia and S. mauritiana have demulcent aud emollient 
properties. — lanceolata has a verv bitter root, which is reputed to be a 
valuable stomachic. The roots of retusa and other species are held in 
esteem by the natives of India in the treatment of-rheumatism. 
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Many plants of the order have showy flowers, and are cultivated in our 
gardens and stoves ; for example, the Althaea rosea (Hollyhock), Abvtilon , 
Hibiscus , Sida, &c. — Hibiscus mutabilis is remarkable for the changing 
colour of its flowers, which vary in a single day from a cream-coloured rose 
to a rich r< se or pink colour. 

Natural Order 29. Sterculiace^e. — T he Silk-Cotton Order. 
— Character. — Trees or shrubs. Leaves alternate, simple or 
compound, with deciduous stipules. Flowers usually perfect, 
sometimes by abortion unisexual, regular or irregular, often sur- 
rounded by an involucre. Calyx and corolla resembling the 
Malvaceae, always, however, having live parts ; but the petals 
are sometimes absent. Stamens united by their filaments into 
a column, indefinite ; anthers 2-celled, extrorse. Carpels 3 or 
5, either distinct or united so as to form a compound ovary, 
often stalked ; styles equal in number to the carpels, distinct or 
united ; ovules usually definite, sometimes indefinite. Fruit 
either composed of a number of follicles, or capsular {Jig. 701 ), 
or rarely baccate. Seeds with fleshy-oily albumen or none ; em- 
bryo straight or curved ; cotyledons either plicate or rolled round 
the plumule. 

Diagnosis. — The plants of this order are at once known 
among the Thalamiflorce by their valvate 5-parted calyx ; twisted 
corolla consisting of 5 distinct petals ; numerous perfect stamens 
united by their filaments into a column ; and 2-celled extrorse 
anthers. The character presented by the anthers should be 
particularly noticed, as that alone at once distinguishes them 
from the Malvaceie and Byttneriacere, which in many other 
respects they closely resemble ; indeed, the latter order is now 
frequently combined with the Sterculiaceee. It should also be 
observed, that the flowers of some of the Sterculiaceae are uni- 
sexual by abortion. 

Distribution and Numbers. — Natives of the tropics or of very 
warm regions. About 130 species belong to this order. 

Properties and Uses. — In their properties the plants of this 
order resemble the Malvaceae : thus, they are generally mucila- 
ginous, demulcent, and emollient ; some have a hairy covering 
to their seeds ; and others yield useful liber-fibres. The cottony 
covering of their seeds, and the fibres yielded by plants of this 
order, are not, however, to be compared in importance to the 
similar products of the Malvaceae. Some plants are reputed to 
be diuretic, emetic, or purgative. 

Adansonia. — A. digitata, the Baobab-tree. — The fruit, commonly known 
as Monkey-bread or Ethiopian ISour-gourd, has its seeds surrounded by a 
large quantity of a starchy pulp wilh an acid flavour much resembling 
cream of tartar. Its acid natuie is said to be due to malate of potassium. 
This forms a wholesome and agreeable article of food. When mixed 
with water it is used as an acid drink, which is regarded as a specific in 
putrid and pestilential fevers. It is also employed in Egypt in dysentery. 
All parts of the tree possess emollient and demulcent properties. Its pow- 
dered leaves are used by the Africans under the name of Lalo, mixed 
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with their daily food, to check excessive perspiration. This property is 
owing to the presence of an astringent matter; hence they have been found 
serviceable in diarrhoea. &c. The bark is said to be febrifugal, and its 
liber-tibres are employed by certain African tribes, liviug where the tTee is 
common, in the manufacture of various articles of dress, cordage, &c. The 
Baobab-tree is also remarkable for its enormous size, and the great age to 
which it attains, in some cases reputed to be several thousand years. One 
tree of this species has been found to have a trunk from 90 to 100 feet in cir- 
cumference. Their hollowed trunks are used lry the natives in some dis- 
tricts of Africa as burial-places for such of their dead as are believed to 
have communion with evil spirits. — A. Gregorii. — The fruit of this tree, 
which is a native of N. Australia, where it is known as Sour-gourd and 
Cream-of-tartar tree, has similar properties to that of A. digitata. 

Bombax. — B. Ceiba, the Silk-Cotton tree of South America, and B.pen - 
tandrum , the Silk-Cotton tree of India, are both remarkable for their size 
and height. The seeds of these plants are covered by long silky hairs ; hence 
their common name. But these hairs cannot be spun like those of ordinary 
cotton, chiefly on account of the smoothness and want of adhesion between 
their sides, and are therefore useless for manufacturing purposes. They are 
employed, however, in many parts of the world for stuffing cushions, &c. The 
bark of B. pentandnnn is reputed to be emetic. 

Cliorisia . — C. speciosa lias its seeds covered with silky hairs, which are 
used for stuffing cushions, &e. This material is termed Vegetable Silk. 
The bark of C. crispifiora is employed for making cordage in Brazil. 

Durio zibethinus. — This tree, which is about the size of the ordinary pear- 
tree, yields the fruit called Durian, which is highly esteemed in the south- 
ea-tern parts of Asia, being accounted next in value to the Mangosteen. It 
has, however, a strong smell, which renders it disagreeable at first, but this 
quality is soon forgotten after the palate has become familiar with it. 

Eriodendrou Samauma , a native of South America, is remarkable for its 
great height. Its trunk frequently overtops all the surrounding trees before 
it gives oft' a single branch. The hairy coveting of the seeds of various 
species of Eriodendrou is employed for stuffing cushions and similar pur- 
poses. 

Ochmma Lagopus , a West Indian tree, has an antisyphilitic bark, and a 
spongy wood, which is sometimes used as a substitute for cork. 

Salma/ia. — The bark of some species of this genus is said to be emetic, 
and honey obtained from the flowers of malabarua is commonly regarded 
as both emetic and purgative. 

Sterculia. — The seeds of Sterculia (Co/a) acuminata , and probably of 
other species, constitute the Kola-nuts of tropical West Africa, and the 
Guru-nuts of Soudan. They are largely used in various parts of Africa as 
food and medicine, and are also commonly stated to be employed to sweeten 
water which has become more or less putrid. Their use, however, as a puri- 
fier of water is denied by Dr. Daniell. The latter made the interesting 
discovery (which was confirmed by Dr. Attfield), of the presence of thein, 
the alkaloid of tea, &c. in Kola-nuts. The seeds of other species of Ster- 
culia are also eaten in different parts of the globe. This is the case with 
tf. Chica, and <S\ lasiantha in Brazil; and &. nobilis in Asia. — Sterculia 
Tragacantha, a native of Sierra Leone, receives its specific name from yield- 
ing a gum resembling Tragacanth. It is termed African Tragacanth, 
and has been stated by Dr. Flilckiger to be a good substitute for the 
official Tragacanth. (See Astragalus .) — S. urens f a native of Coromandel, 
yields a gum of a similar nature, which is called Gum Kutteera. (See also 
Cochlospermum ) The fruit, seeds, leaves or bark of other species of Sterculia 
are also used for various purposes as medicinal agents in different parts of 
the globe. The seeds of all the species contain a fixed oil, which may be 
used for burning in lamps, &c. According to Hooker, villorn and 
guttata yield fibres, from which ropes of excellent quality, and cloth are 
made. 
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Natural Order 30. Byttnebiaceab. — The Chocolate Order. — 
Character. — Trees, shrubs , or undershrubs, sometimes climb- 
ing. Learns simple, alternate, with usually deciduous stipules. 
Calyx 4 — 5-lobed, valvate (fig. 440). Corolla absent, or having 
as many petals as there are lobes to the calyx, either twisted 
or induplicate in testivation (fig. 441), permanent or deciduous. 
i Stamens hypogynous, equal in number to the petals and opposite 
to them, or twice as numerous, or indefinite ; when the stamens 
are more numerous than the petals some are always sterile ; fila- 
ments more or less united ; anthers 2-celled, introrse. Ovary 
sessile or stalked, composed of 4—10 carpels united round a 
central column ; style simple ; stigmas equal in number to the 
carpels ; ovules 2 in each cell. Fruit usually capsular, with a 
loculicidal dehiscence, or indehiscent, or the fruit separates into 
its component parts when ripe — that is, in a septicidal manner. 
Embryo generally lying in a small quantity of fleshy albumen, 
straight or somewhat curved ; cotyledons plaited or spiral. 

Diagnosis. — The only orders likely to be confounded with 
this, are the Sterculiacem, Malvaceae, and Tiliacem. From the 
former, it is at once distinguished by its introrse anthers, and 
by the stamens being definite, or, if more numerous than the 
petals, from some of them being always sterile. The Byttneriacem 
are, however, now more frequently regarded as only a division 
or tribe of the Sterculiacem. From the Malvaceae, it is known 
by its 2-celled anthers, by the stamens being frequently equal in 
number to the petals and opposite to them, or if more numerous 
some of them being sterile, and also from the filaments not 
being united into so evident a column. From the Tiliacem, it is 
distinguished readily by its monadelphous stamens, and by the 
absence of a disk. 

Distribution , Examples, and Numbers. — They are chiefly 
tropical plants, but some species of the order are found scattered 
in almost every quarter of the globe, except Europe. Examples 
of the Genera By ttneria, Theobroma, Guazuma. There are 
about 400 species. 

Properties and Uses. — These plants have properties resem- 
bling the Malvaceae and Sterculiacem : thus, some are mucilagi- 
nous, as Waltheria Douradinha, the species of Pterospermum,, the 
young bark of Guazuma ulmifolia, and the bark of Abroma 
augustumj Dombeya spectabilis, &c. The fruit of Guazuma ulmi- 
folia contains a sweetish mucilaginous agreeable pulp, which is 
eaten in Brazil. 

*Theobroma Cacao , the Cacao or Cocoa-tree. This tree, by far the most 
l a *rtirat plant of the order, is a native of Deinerara and Mexico, and it is 
cre^ively cultivated in the West Indies, Central America, Mauritius, &c. 
Thiita seeds Cacao or Cocoa, and Chocolate are prepared. In the inanu- 
with’of Chocolate , the seeds are first roasted, then divested of their husks 
putround, and afterwards triturated in a mortar with an equal quantity 
Allar, to which some vanilla or cinnamon is added for flavouring, and 
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a small quail' ity of Aroatto as a colouring ag< nt. All the finer qualities 
are thus prepared, but the flavouring of the inferior grinds is sometimes pro- 
duced by adding Sassafras nuts, cloves, or some other aromatic. Chocolate 
derives its name from the Indian term chocolat. Cocoa is either prepared 
by grinding up the roasted seeds with their outer shells or husks between hot 
cylinders into a paste, which is then mixed with starch, sugar, — this 
forms common cocoa , rock cocoa , soluble cocoa, &c , — or the roasted seeds 
divested of th(ir husks are broken into small fragments, in which state 
they form cocoa nibs , the purest state of Cocoa. The husks of the Cocoa 
seeds are also sometimes used by the poorer classes of Italy and Ireland in 
the preparation of a wholesome and agreeable beverage ; they are imported 
from Italy under the name of 4 misi rahle.’ Both Cocoa and Chocolate are 
used for "the preparation of agreeable and nutritious beverages. These 
beverages arc not so stimulating as Tea and Coffee, but they disagree with 
many persons on account of their fatty or oily nature. The generic name, 
Theobroma, was given to tills tree by Linnaeus, signifying ‘ food of the gods,’ 
to mark his opinion of the nutritious and agreeable nature of the beverages 
jirepared from its seeds; but Belzoni, a traveller of the sixteenth century, 
regarded them in a very different light, for he declared that Cocoa was a drink 
‘ fitter f ( r a pig t ban for a man.’ Cocoa seeds ow'e their properties chiefly to 
a peculiar alkaloid, named theobromin , which resembles the in, the alkaloid 
contained in China Tea (see Thea), &c., and to a concrete oil or fat called 
Butter of Cocoa , which constitutes about half their weight. It has been 
computed that Cocoa and Chocolate form the common unfemiented beverages 
of about fifty million ] ersons in Spain, Italy, France, t nd Central America, 
and that the consumption of Cocoa in these countries annually is over 
100,000,000 lbs. Crcoa is also now largely used in Britain ; and its use has 
much increased of late years. f l bus i he eonsumpt ion in J 820 was only about 
270,000 lbs.; in 1866 it was 4,583,124 lbs.; in 1873 over 8,000,000 lbs.; 
and it is now estimated to exceed 10,000,000 lbs. annually. From the 
pulp which surrounds the seeds a peculiar kind of spirit is distilled. 

The concrete oil has been made official in the British Pharmacopoeia. It 
enters into the composition of the suppositories ordered in that volume. In 
itself it |H)ssesses emollient properties. It is especially valuable from not 
readily becoming rancid by exposure to the air. 

Natural Order 31. Tiliaceje. — T he Lime-tree or Linden 
Order. — Character. — Trees, skmbs, or rarely herbs. Leaves 
simple, alternate (fig 285), with deciduous stipules. Sepals 4 
or 5 (figs. 8011 and 001), distinct or coherent, valvate in aestiva- 
tion (fig. 890), deciduous. Petals equal in number to the sepals 
(fig. 899), or rarely wanting, imbricated. Stamens hypogynous 
(fig. 900), usually numerous (figs. 899-901), distinct (fig. 901) 
or polyadelphous (fig. 552) ; anthers 2-celled (figs. 520 and 900), 
opening longitudinally or by pores at the apex. Disk glandular, 
hypogynous. CcurpeU 2—10, which are generally united so as to 
form a compound many-celled ovary (fig. 899), sometimes dis- 
united ; placentas axile (fig. 899) ; style 1 (figs. 900 and 901) ; 
stigmas equal in number to the carpels. Fruit dry or pulpy, 
sometimes samaroid, usually many-celled, or rarely 1-celled by 
abortion. Seeds solitary or numerous ; errrfjryo erect, straight, in 
the axis of fleshy albumen ; cotyledons flat and leafy (fig. 753, c , 
c) ; radicle next the hilum. 

Diagnosis. — This order resembles, in many respects, the Mal- 
vaceae, Sterculiacete, and Byttneriaceae. It may be at once dis- 
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tinguiahed from them by having a glandular disk, by the stamens 
not being monadelphous, and by the anthers being 2-celled. 
From all other Thalamiflorm the plants of this order may be 
known by their alternate simple stipulate leaves ; valvate aestiva- 
tion of calyx, which is also deciduous ; floral envelopes in 4 or 
5 divisions ; stamens either distinct or polyadelphous ; anthers 
2-celled ; hypogynous glandular disk ; many-celled fruit with 
axile placentas ; and embryo erect, straight, in the axis of fleshy 
albumen. 

Division of the Order and Examples of the Genera. — The order 
has been divided into two tribes, as follows : — 

Fig. 899 , Fig. 901 . 




Fig. 890. Diagram of the flower of tin' 
Lime. — —Fig. 900. Vertical section 
of the flower of the same ( Tilia euro- 

jxea). Fig. 901 Peduncle of the 

Lime, bearing two flower- buds and 
a fully expanded flower. 


Tribe 1. Tiliese . — Corolla with entire petals, or wanting ; anthers 
dehiscing longitudinally. Examples Corcliorus, Tilia. 
Tribe 2. Eheocarpeie. — Petals divided, anthers opening at the 
apex. Examples: — Eloeocarpus, Yallea. 

Distribution avd Numbers. — A few are found in the northern 
parts of the world, where they form large trees ; but the plants 
of this order are chiefly tropical, and are there found as herbs, 
shrubs, or trees. There are about 350 species. 

Properties and Uses. — In their properties the Tiliaceoe re- 
semble the Malvaceae. They are altogether innocuous, and are 
generally mucilaginous, emollient, and demulcent. Many of 
them also yield fibres, which are much used for manufacturing 



DIPTE RACEME, 


463 


purposes. Some are valuable timber-trees, and some have 
edible fruits. 

Aristotelian — A. Maqui has an edible fruit, and from it a kind of wine 
is also made in Chili, which is given in fevers of a malignant type. The 
fibres of the bark and the wood have been used in the manufacture of 
musical instruments In New Zealand the fruits of A. racemnsa , the 
Mako-Mako, are also eaten. 

Cor charm. — The fibres obtained from the bark of Corchorus capsularis, 
the Jute Plant, are commonly known under the name of Jute or Jute-hemp. 
This fibre is of a very valuable nature, and is now imported in enormous 
quantities into this country, w r here it is used chiefly in the manufacture of 
coarse bags, and as a foundation for inferior carpets, &c. It is also 
frequently mixed with silk in the manufacture of cheap satin fabrics ; and 
is likewise employed as a substitute for hair, and in the manufacture of 
chignons, &c. It does not appear to be well adapted for sailcloth or cord- 
age, because it will not bear exposure to wet. The imports in 1875 were 
over 500,000,000 lbs., the value of which was 2,362,22(5/., of which only 
about 80,000,000 lbs. were exported. In India it is used chiefly for the 
purpose of making the coarse canvas called Gunny , which is the material 
employed there for the bags, &c., in use for packing raw produce. — Corchorus 
ohtorius , commonly called Jew’s Mallow, is use 1 in some purts of the world 
as a pot-herb ; it is also one of the sources of Jute. In Panama, the leaves 
of C. mompoxensis are infused in boiling water, and the infusion is then 
taken as a substitute for tea. 

Eheocarpus. — E. (Ganitrus) serratus. — The fruits are commonly known 
under the name of Molucca Berries. When the fruit is divested of its pulp, 
the endocarp, which is hard and bony, and beautifully furrowed, is used for 
making necklaces. These are frequently brought as presents from India, 
and are also occasionally sold in this country. The fruits of some species of 
Elwocarpus are eaten, while others are used in the preparation of Indian 
curries. The bark of E. Jlinau ( dentatus ) affords an excellent dye, varying 
in colour from brown to puce or nearly black. It is employed in New 
Zealand for dyeing the garments of the natives. It is also useful" as a tanning 
agent. 

Grew/a. — Grewia sapid a, G. asiatica , and other species, have pleasant 
acid fruits, and are used in the Erst for making Sherbet.— Grewia elastica 
affords valuable timber. 

Liihrn grandiflora. — The bark is astringent, and is employed in Brazil 
for tanniug leather. The wood of other species is used for various purposes 
in Brazil, as for making soles to boots, musket-stocks, &c. 

7' ilia europwa, Common Lime or Linden 'Free. — The inner bark is em- 
ployed in the northern parts of Europe, more particularly in Russia, in the 
manufacture of mats, which are commonly known as Russian, Bast, or Bass 
mats. This Bast is one of the substances employed bv gardeners for tying up 
plants. The flowers are very fragrant when fresh, and an infusion of them 
is much used on the Continent for its expectorant and antispasmodic pro- 
perties. The wood of 1 .lis and other species of TUia is very white and 
smooth, and is employed for various purposes, as for carving, wainscot- 
ing, &c. 

Triumfetta . — Several species of this genus have astringent and mucila- 
ginous leaves and fruits, and are employed in Brazil for making injections, 
which are reputed to be useful in gonorrhoea. 

Vallea cordifolia. — The leaves are used for the purpose of dyeing yellow. 

Natural Order 32. DiPrERACE^.-— Tiie Sumatra Camphor 
Order. — Character. — Large trees with a resinous juice. Le%ve^ 
alternate, involute, feather-veined, with large convolute deci- 
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duous stipule3. Calyx 5-lobed, tubular, unequal, persistent, 
imbricated, ultimately enlarged into winglike expansions. Petals 
5, hypogynous, often coherent at th6 base ; aestivation twisted. 
Stamens numerous, hypogynous, distinct or united in an irre- 
gular manner by their filaments so as to become somewhat poly- 
adelphous ; anthers innate, 2-celled, subulate, prolonged above 
or beaked. Ovary superior, 3-celled, ovules pendulous ; style 
and stigma simple. Fruit 1-celled, dehiscent or indehiscent, 
surrounded by the enlarged permanent calyx. Seed solitary, 
ex-albuminous ; radicle superior. 

Distribution , Examples , and Numbers. — Natives exclusively 
of the forests of the tropical East Indies, with the exception of 
the genus Lophira , which belongs to tropical Africa. The latter 
genus, by Endlicher and others, has been separated from the 
Dipteracem, and placed in an order by itself under the name of 
Lopluracem. The chief characters of distinction are, its 1-celled 
ovary with numerous ovules on a free central placenta, and its 
inferior radicle. Examples of the Genera -Dipterocarpus, 
Dryobalanops. There are about 50 species belonging to this 
order. 

Properties and Uses. — These plants form very large and hand- 
some trees, which abound in an oleo-resinous juice. To the 
presence of this they owe their peculiar properties. 

Dipterocarjyus. — The trunks of D. hr vis or turbiratus , and other species, 
natives of ihe East Indies, yield bv incision, an oleo-resinous substance, 
called Wood Oil or (iurjun Balsam. In its properties Wood Oil resembles 
Copaiba, and is largely employed for similar purposes in India, where it is 
official ; it is also used in England ns a substitute ■'or, or as an adulterant 
of, that drug. Wood Oil is also used in India for painting houses, &c. 

1 ) ryobu! anops aromutica or Camphora . — This is a large tree, a native of 
Sumatra and Borneo. From its stem, a liquid called Liquid Camphor or 
Camphor Oil, and a crystalline solid substance named Sumatra or Borneo 
Camphor, are derived. The Liquid Camphor is obtained by making deep 
incisions into the tree. It is a hydrocarbon, and has an odour resembling 
a mixture of Cajupnt-oil, camphor, and cardamoms. It has been used in 
the preparation of scented soap. The Solid Sumatra Camphor is found in 
fissures and cavities in the interior of the trunks of the full-urown trees, and 
can only be extracted from the tree by cutting it down and dividing it into 
pieces. It generally occurs only in small pieces, but occasionally masses 
•weighing 10 or 12 lbs. have been removed. This camphor resembles in its 
properties the ordinary official or Laurel Camphor (see Camphora). It is 
not, however, a commercial article in this country, or in Europe, because it 
is so highly esteemed by the Chinese, that they will give from 80 to 100 
times more money for it than that which they obtain for their own camphor, 
which is the kind we employ, and which is believed by us to be at least 
equally beneficial. Thus the fiist quality is valued at about 10/. a pound. 
It is sometimes termed Barus Camphor. It is regarded as especially 
valuable for embalming the dead. 

Hopea odorata. — This plant yields a fragrant resin, which, when pow- 
dered, is a popular styptic amongst the Burnt e-e. 

Shorea robvsta is a valuable timber-tree; it is a native of India, and its 
wood is there extensively used under the name of S&l. A colourless, yellow- 
ish, or brownish resin, culled Dammar in Bengal, is also obtained from this 
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plant. It forms a substitute for the ordinary resins of the Conifer® in the 
making of plasters. 

Vateria indica. — This plant yields an oleo-resinous substance, which is 
known in India under the name/ of White Dammar or Piney Resin. It is 
used as a varnish, and for making candles. The substance called Piney 
Tallow, or Vegetable Butter of Canara, is a concrete oil obtained from 
the fruit of this plant. It has been employed in India as a local appli- 
cation in rheumatism, &c., and some has been lately imported into this 
country. 

Vatica Tumbvgaia is said to yield a portion of the Black Dammar of 
India (see Canariuiri). 

Natural Order 33. Chl^enace.e. — T he Sarcolsena Order. — 
Character. — Trees or shrubs. Leaves entire, alternate, with 
large deciduous convolute stipules. Flowers regular, unsymme- 
trical, furnished w r ith an involucre : the involucre surrounding 

1 - 2 flowers, and persistent. Sepals 3, imbricate. Petals 5, 
convolute, sometimes united at the base. Stamens generally 
very numerous, rarely but 10, monadelplious ; anthers roundish, 

2- celled. Ovar y 3-celled ; style 1; stigma trifid. Fruit capsular, 

3- celled or rarely 1-celled ; placentas axile. Seeds solitary or 
numerous, suspended ; embryo in the axis of fleshy albumen ; 
cotyledons leafy ; radicle superior. 

Diagnosis. — Readily distinguished among the Thalamiflorse 
by their alternate simple stipulate leaves ; and involucrate 
flowers, which are regular and unsymmetrical. The calyx is 
also imbricated, the stamens monadelphous, and the seed has 
abundant albumen. 

Distribution , Examples , and Numbers. — There are but 8 
species included in this order, all of which are natives of Mada- 
gascar. Examples of the Genera : — Sarcoliena, Leptolmna. 

Ptoperties and Uses. —Altogether unknown. 

Natural Order 34. Ternstiuemiace-E or Camelliace^e. — T he 
Tea or Camellia Order. — C h a r a c t e r. — Trees or shrubs. Leaves 
leathery, alternate, usually exstipulate, and sometimes dotted. 
Flowers regular, and generally very showy, rarely polygamous. 
Sepals 5 or 7, coriaceous, imbricated, deciduous. Petals 5, 6, 
or 9, often united at the base, imbricate. Stamens hypo- 
gynous, numerous, distinct or united by their filaments into 
one or several bundles ; anthers 2-celled, versatile or adnate. 
Ovary superior, many-celled ; styles filiform, 3 — 7. Fruit cap- 
sular, 2 — 7-celled ; placmtas axile; dehiscence various. Seeds 
few, sometimes ariliaio ; albumen wanting or in very small 
quantity; embryo straight or folded; cotyledons large and oily ; 
radicle towards the hilurn. 

Diagnosis. — Trees or shrubs, with alternate usually exstipu- 
late leathery leaves. Sepals and petals imbricate in activa- 
tion, and having no tendency to a quaternary arrangement. 
Stamens numerous, hypogynous ; anthers versatile or adnate. 
Ovary superiox ; styles filiform. Seeds solitary or very few, 

H H 
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attached to axile placentas ; albumen wanting or in very small 
quantity. 

Distribution, Examples, and Numbers. — These plants, which 
are mostly ornamental trees or shrubs, are chiefly natives of 
South America, but a few are found in the East Indies, China, 
and North America. One species only occurs in Africa. There 
are no European species, although a few are cultivated in Europe; 
these are principally from China and North America. Examples 
of the. Genera : — Ternstroemia, Camellia. The order, as defined 
by Lindley, contains about 130 species. 

Properties and Uses. — Generally speaking, we know but little 
of the properties of the plants of this order ; but some, as those 
from which China Tea is prepared, are moderately stimulant, 
astringent, and slightly soothing and sedative. 

Camellia or Thea (see Thea'). — Numerous varieties of Camellia japonica, 
which is a large tree in its native country, are cultivated in our green- 
houses, and are celebrated for the beauty of their flowers and foliage. The 
seeds of C. ofeifera yield by expression a good salad oil. — C. Sasanqua has 
fragrant flowers, which are said to be used in some districts to give flavour 
and odour to Chinese Tea. 

Frtziera theoides. — The leaves of this shrub are used as a kind of tea in 
Panama. 

Gordonia. — The bark is astringent, and is therefore useful in tanning, 
for which purpose it is sometimes employed in the Unittd States. 

Kielmeyera speciosa — The leaves of this plant, which is a native of Brazil, 
contain much mucilage, and are used on that account for fomentations. 

Thea or Camellia. — The genus Thea is now more generally regarded as 
not really distinct from that of Camellia, and hence the species of the two 
genera are now frequently included under one genus, which is named 
Camellia or Thea. Formerly it was supposed that China Tea, which is so 
extensively med as a beverage m this and various other countries, was 
prepared fnm the leaves of thiee species, two being natives of China, 
namelv, Thea Bohea and T. r iridis; and another, a native of Assam, Thea 
asmmica. All botanists are, however, now agreed that these three so-called 
species are only varieties of one, which is termed Thea chinensis or Camellia 
Thea. It was also formerly supposed that Black and Green Teas were the 
produce of distinct plants ; but Fortune, Ball, and others have proved that 
both Black and Green Teas may be made indifferently from the same plant, 
the differences between such teas depending essentially upon their mode of 
preparation. Thus, Green Teas are prepared by drying the leaves as quickly 
as possible after they are gathered ; and then slightly heating them ; after 
which they are rolled separately or in small heaps, and then dried as quickly 
as possible ; while Black Teas are made from the leaves, which, after being 
gathered, are exposed to the air for some time, and then, after having been 
tossed about, are placed in heaps, where they undergo a kind of fernu ntation ; 
after which they are exposed to a fire for a short time ; then rolled in masses 
to get rid of the moisture and to give them a twisted character ; then they 
are again exposed to the air, and subsequently exposed for a second time in 
a shallow pan to the heat of a charcoal fire, rolled again, and exposed to the 
air, and finally dried slowly over a fire. Thus, Green Tea consists of the 
leaves quickly dried after gathering, so that their colour, and other proper- 
ties, are in a great measure preserved; 'while Black Tea is composed of 
the leaves dried some time after being gathered, and after they have 
undergone a kind of fermentation, by which their original green colour is 
changed to black, and other important changes produced. A great part 
of the Green Tea which is exported from China, and consumed in this 
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country, and in other p*rts of Europe and America, is* coloured artificially 
with a mixture of prussian blue, turmeric, and gypsum. Several varieties 
of Black and Green Teas are known in commerce. Thus of the former we 
have Bohea, Congou, Souchong, Pekoe, Coper, &c. ; of the latter, Hyson, 
Hyson-Skin, Twankay, Imperial, Gunpowder, &c. Some teas have a par- 
ticular odour somewhat resembling the flowers of the common Cowslip ; this 
D produced by mixing with them the dried flowers of the sweet-scented 
Olive (Olea fragrant). Other teas are scented with the dried flowers of 
Chloranthus inconspicuus , Aqlaia odorata, &c. 

The cultivation of the Tea-plant is now being carried on with great 
success in India. Thus, in 1878 no less than 37,000,000 lbs. of Tea were ex- 
ported from Calcutta ; and the yield this year (1881 ) is estimated at about 
50,000,000 lbs. A large quantity of Tea is also at the present time produced 
in Japan and Java. China, however, is the great tea-producing country : 
in that part of the world, nearly 4,000,000 acres of ground are devoted to it 
alone, and the total annual produce, at the present time, is probably not less 
than 000 millions of pounds. In the United Kingdom, the consumption of 
Tea has very much increased of late years. Thus, in 1840, it was only 
50,000,000 lbs., while at the present time it amounts to about 140,000,000 
lbs. Tea owes its chief propei ties to the presence of a volatile oil, tannic 
acid, and more especially the alkaloid already noticed as a constituent of 
Kola-nuts (see Sterculia), called thein. 1 hein is identical w’ith caffein , the 
alkaloid contained in Coflee, and guarani n , the alkaloid of Guarana, and ia 
closely allied to theobromin , the alkaloid of cocoa-seeds. (See Coffea. Paullivia 
and j Theobroma .) Tea-leaves also contain about 6 per cent, of gluten, but 
this is scarcely extracted in any amount by the ordinary mode of making 
Tea. It has been stated that Tea, besides its well-know n stimulating and 
soothing effects, is indirectly nutritive, — that is to say, the thein it contains 
has the effect of preventing the waste and decay of the body, and any 
substance that does this necessarily saves food, and is thus indirectly 
nutritive ; but Dr. Edward Smith has shown that, on the contrary, Tea 
increases the bodily waste. As a nervine stimulant tea may be taken with 
much advantage in headache and neuralgia, and in other affections caused, 
by exhaustion of the system from depression of nerve power. 


Natural Order 35. Guttifer,® or Clusiace^e. — The Gam- 
boge or Mangosteen Order. — Characte r . — Trees or shrubs , some-t 
times parasitical, with a re- 
sinous juice. Leaves (fig. 902) Fio. 902. 

coriaceous, entire, simple, op- 
posite, exstipulate. Flowers 
usually perfect, sometimes 
unisexual by abortion. Sepals 
2, 4, 5, 0, or 8, imbricate, 
usually persistent, frequently 
unequal and petuloid. Petals 
hypogynous, equal in number 
to (fig. 902), or a multiple of, 
the sepals, sometimes passing 
by imperceptible gradations 
into them. Stamens usually 
numerous, rarely few, hypo- 
gynous, distinct, or mona- 
delphous, or polyadelphous ; 
anthers adnate, not beaked, introrse or extrorse, opening by 



Fig. 902. Flowering stem and fruit of the 
Mangosteen plant (Garcinia Mangostana), 
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a pore or transverse slit, 2-celled, or sometimes 1-celled. Disk 
fleshy, or rarely with 5 lobes. Ovary superior, 1 or many-celled ; 
style absent ; stigmas peltate or radiate (jig. 902) ; placentas 
axile. Fruit dehiscent or indehiscent, 1 or many-celled. Seeds 
solitary or numerous, frequently arillate, without albumen ; 
embryo straight. 

Diagnosis. — Trees or shrubs with a resinous juice, and with 
opposite simple coriaceous ex stipulate leaves. Sepals and petals 
usually having a binary arrangement of their parts ; the former 
imbricate and frequently unequal ; the latter equal and liypo- 
gynous. Stamens almost always numerous ; anthers adnate, 
without a beak, opening by a pore or transversely. Disk fleshy 
or lobed. Ovary superior, w T ith sessile radiant stigmas, and 
axile placentas. Seeds exalbum inous. 

Distribution , Examples , and Numbers. — Exclusively tropical, 
and especially occurring in moist situations. The larger propor- 
tion are natives of South America, but a few occur in Madagascar 
and the African continent. Examples of the Genera : — Clusia, 
Garcinia, Mesua. There are about 150 species. 

Properties and Uses. — The plants of this order are chiefly re- 
markable for yielding a yellow gum-resin of an acrid and pur- 
gative nature. In many cases, however, the fruits are edible, 
and are held in high estimation for their delicious flavour. The 
seeds of some are oily, and others are good timber-trees. 

CaJophylhm. — C. Calaba is reputed to yield the resinous substance known 
as East Indian Tacamahaca. This is useful as an application to indolent 
ulcers. — C. lnophyllum and C. brasiliense also yield similar resins. From 
the seeds of C. lnophyllum an oil is likewise obtained bv expression ; this is 
the Bitter OH or fVeandee of Indian commerce. It is in great repute 
throughout the East Indies and Polynesia as a liniment in rheumatism, 
pains in the joints, and bruises. The timber of the same plant is also 
applied to several useful purposes. — C. angusti folium, the Piney tree, furnishes 
valuable timber. 

Calysaccion longifolium. — The dried flower-buds of this tree constitute, 
with those of Mesua ferrea, the Naoesur, Nag-kesar, or Nag-hassar of the 
Indian bazaars (see Mesua). 

Clusia. — Clusia flava , C. alba, and (7. rosea , yield n glutinous resinous 
matter, which is used in some parts of the West Indies in place of pitch 
C. flava is called in Jamaica the Balsam-tree. In Nevis and St. Kitt’s the 
three species are known indifferently under the names of Fat Pork. Monkev 
Apple, and Mountain or Wild Mango. The flowers of C. insignis also yield 
a resinous substance in Brazil. 

Garcinia. — The official and well-known drug Gamboge has been shown 
by Hanbury to he the produce of Garcinia Morelia, var . pedicel lata, now 
termed G. Hanburii. Commercial Gamboge is obtained principally from 
Siam ; it is the only kind used in Europe. Siam Gamboge occurs m two 
forms : — 1st, in the form of cylinders, which are either solid or more or less 
hollow, and commonly known as pipe or roll Gamboge ; and, 2nd, in large 
cakes or amorphous masses, called lump or cake Gamboge. The pipe Gamboge 
is the finest kind. Gamboge is used in medicine as an active hydragogue and 
drastic purgative. It is al«o an anthelmintic. In over-doses it acts as an 
acrid poison. Gamboge likewise forms a valuable water-colour, and hence is 
much U9ed in painting ; it is also employed to give a colour to the lacquer- 
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varnish for bras?-work, &c. In India, a gum-resin resembling Siam Gam- 
boge, and identical with it in its properties, is obtained from G. pictoria It 
is only found in irregular masses. Good Gamboge is also obtained in Tra- 
vancore froni G. travancorira. 

The Mangosteen, which is reputed to be the most delicious of all fruits, 
is obtained from G. Mangostana, a native of Malacca. This plant has 
produced fruit m stoves in this country. The rind is astringent, and 
has been substituted, as first noticed by Bentley, in this country, for 
Indian Bael (see JEgte Marmelos). It has been employed with great ad- 
vantage in India in chronic diarrhoea, and in advanced stages of dysentery. 
— G. cornea, G. Kydiana , and G . pedunculata, also yield fruits of a similar 
character t<5 the Mangosteen, although very interior to it. The seeds of 
G. indica {purpurea), upon being boiled in water, yield a concrete oil, called 
Kokum Butter or Concrete Oil of Mangosteen. It is useful in chapped 
hands, &c., and might be employed in the preparation of suppositories, and 
for other pharmaceutical purposes. Of late years a large quantity has been 
imported into this country. The fruit has an agreeable acid flavour, and is 
used in India for various purposes. 

Mammea americana. — The fruit is highly esteemed in the West Indies 
and South America. It is known under the names of the Mammee Apple 
and the Wild Apricot of South America. The seeds are anthelmintic. A 
spirit and a kind of wine may be also obtained from this plant — thus, from 
the flowers a kind of spirit, and from the sap a wine. 

Mesua. — The species of this genus are remarkable for their very hard 
timber. Lindley remarks, 4 that the root and bark of these plants are bitter, 
aromatic, and powerfully sudorific ; their leaves mucilaginous ; their unripe 
fruit aromatic, acrid, and purgative.’ The flower- buds of Mesua ferrea 
occur in the bazaars of India, with those of Calymccion longi folium (see 
Caly&accwn), under the name of Nag kassar ; they are highly esteemed 
for their fragrance, and are also used in Bengal, as well as the leaves of 
the same plant, as antidotes to snake-poisons. Nag-kassar is also much 
employed for dyeing silks. Nag-kassar was imported into England a few 
years since. 'I he flower-buds are about the size of pepper-corns, of a cin- 
namon-brown colour, and have a very fragrant odour, somewhat resembling 
violets. 

Pentadestna buty acea. — The fruit of this plant yields a fatty matter ; 
hence if is called ihe Butter or Tallow Tree of Sierra Leone. 

Natural Order 36. HyperioacEv®. — T he St. John’s Wort 
Order. — C h a r a c t e r. — H erbs , shrubs , or trees. Leaves opposite 
or rarely alternate, exstipulate, simple, often dotted and bor- 
dered with black glands. Flowers regular. Sepals 4 or 5 {Jig. 
903), persistent, unequal, distinct or united at the base, imbri- 
cate. Petals {jig. 903), equal in number to the sepals, hypogy- 
nous, unequal-sided {jig. 904), frequently bordered with black 
glands ; aestivation twisted. Stamens usually numerous, rarely 
few, hypogynous {jig. 904), mostly polyadelphous {jug. 549), or 
rarely distinct, or monadelphous, sometimes having fleshy 
glands alternating with the bundles of stamens ; filaments 
filiform ; anthers 2-celled, with longitudinal dehiscence. Ovm'y 
1-celled, formed of from 3 — 5 carpels, which are partially in 
fleeted so as to project into the cavity ; or 3— 5-celled by the 
union of the dissepiments in the centre {fig. 903) ; styles equal 
in number to the carpels ; stigmas usually capitate or truncate, 
rarely 2-lobed. Fruit capsular, usually 3— 5-celled, sometimes 



470 


REAUMCJRIACEJJ. 


3 -celled ; placentas axile or parietal, dehiscence septicidal. 
Seeds minute, numerous ; embryo straight or curved, exal- 
bum inous {fig. 905). 

Diagnosis. — Leaves simple, often dotted, exstipulate. Flowers 
regular. Sepals and petals hypogynous, with «i quaternary or 
quinary distribution ; the former with an imbricate estivation ; 
the latter unequal-sided, commonly marked with black glands, 
and having a twisted {estivation. Stamens hypogynous, usually 
numerous and polyadelphous, rarely few, and then distinct or 
monadelphous ; anthers 2-celled, opening longitudinally. Styles 
several. Fruit 1-celled, or 3 — 5-celled. Seeds numerous, ex- 
albuminous. 

Distribution , Examples , and Numbers. — The plants are gene- 
rally distributed over the globe, inhabiting both temperate and 
hot regions, and almost all varieties of soil. Examples of the 
Genera : — Hypericum, Yismia. There are about 280 species. 

Properties and Uses. — They abound usually in a resinous 


Fig. 903 . Fig. 904 . Fig. 905 . 



Fig. 003. Diagram of the flower of a species of St. John’s Wort ( Huperi - 

a/m). Fig. 904. Vertical section of the flower ot the same. Fig. 905. 

Ve tical section of the seed. 


yellow juice, which is frequently purgative, as in Vismia 
guianensis and V. micrantha. Other plants of the order, as 
Hypericum perforatum and Androssemnm officinale have tonic 
and astringent properties, and Cratoxylon Hornschuchh is slightly 
astringent and diuretic. 

Natural Order 37 . Reaumtihi ace.e. — The Reaumuria Order. 
— This small order was first instituted by Ehrenberg. The plants 
belonging to it do not differ in any essential characters from 
Hypericacem, exctptthat they have a pair of appendages at the 
base of the petals, and shaggy seeds with a small quantity of 
mealy albumen. 

Distribution , Examples , and Numbers. —Natives of the coast 
of the Mediterranean and the salt plains of Northern Asia. 
Mttamples of the Ge'nera : — Reaumuria, Eichwaldia. There are 
4 species. 

Properties and Uses.— They contain much saline matter. A 
decoction of the leaves of Reaumuria i ermiculata is used in- 
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ternally ; and the bruised leaves, as an external application, for 
the cure of scabies. 

N atural Order 38. Marcgraviace^e. — The Marcgravia Order. 
— This is a small order which is generally regarded as allied 
to Clusiacese and Hypericaceae. The species belonging to it are 
chiefly distinguished from Clusiacese, by their unsymmetrical 
flowers, versatile anthers, and very numerous minute seeds. 
Some genera of the order are remarkable for their peculiar 
bracts, which become hooded, pouched, or spurred. They 
are distinguished from Hypericacem chiefly by their unsym- 
metrical flowers, equal-sided petals, distinct stamens, and sessile 
stigmas. 

Distribution , Examples , and Numbers. — Generally natives 
of equinoctial America. Examples of the Genera: — Ruyschia, 
Marcgravia. There are 20 species. 

Properties and Uses. — Scarcely anything is known of their 
properties. Marcgravia umbellata is reputed to be diuretic and 
ftntisypliilitic. 

Natural Order 39. Rhizobolace^.- — T he Souari-nut Order. 

• — Character. — Large trees. Leaves opposite, coriaceous, digi- 
tate, exstipulate, with an articulated stalk. Sepals 5 or 0, more 
or less united, imbricate. Petals 5 to 8, unequal. Stamens 
very numerous, slightly monadelphous, in two whorls, the inner 
shorter and often abortive, inserted with the petals on a hypo- 
gynous disk ; anthers 2-cel led, with longitudinal dehiscence. 
Ovary 4, 5, or many-celled ; styles short, as many as the cells 
of the ovary ; stigmas small ; ovules solitary, attached to the 
axis. Fruit consisting of several combined indeliiscent 1-seeded 
Huts. Seed remform, exalbuminous, with the funiculus ex- 
panded so as to form a spongy excrescence ; radicle very large, 
forming nearly the whole of the nucleus ; cotyledons very small 

7m). 

Diagnosis. — Large trees, with opposite digitate exstipulate 
leaves, with an articulated stalk. Flowers regular, hypogynous. 
Petals equal-sided, and inserted with the numerous stamens on 
a hypogynous disk. Styles very short. Seed solitary, exalbu- 
minous, with a very large radicle, and two very small cotyledons. 

Distribution , Examples , and Numbers. — The order contains 
but 2 genera, including 8 species, all of which are large trees, 
natives of the forests in the hottest parts of South America. 
Examples of the Genera: — Caryocar, Anthodiscus. 

Properties and Uses.— Some of the trees are valuable for their 
timber ; others yield edible nuts, and some an excellent oil. 

Caryocar. — C. bvtyrosum ( Pekea tuberculosa or butyrosa ). — This tree is 
much esteemed for its timber, Mhich is used in shipbuilding and for other 
purposes. The separated portions of the fruit constitute the Souari, Surahwa, 
or Suwarrow-nuts of commerce, the kernels of which are probably the most 
agreeable of all the nut kind. They are occasionally imported into this 
country. An excellent edible oil may be also extracted from them. — C. 
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nncifera also yields Souari-nuts. A concrete oil is obtained in Brazil from 
C. brasilietise. 

Natural Order 40. Sapindace,®. — T he Soapwort Order. — 
Character. — Usually large trees or twining shrubs , or rarely 
climbing herbs. Leaves generally compound {fig. 363), or rarely 
simple, alternate or sometimes opposite, often dotted, stipulate 
or exstipulate. Flowers (figs. 906 and 907) mostly perfect and 
unsymmetrical, sometimes polygamous. Sepals 4 — 5 ( fig. 906), 
either distinct or coherent at the base, imbricate. Petals 4 — 5 
(fig. 906), rarely 0, hypogynous, alternate with the sepals, im- 
bricate, naked or furnished with an appendage on the inside. 
Stamens 8 — 10, rarely 5— 6 — 7 (fig. 906), or very rarely 20, in- 
serted into the disk or into the thalamus ; filaments distinct or 
slightly monadelphous ; anthers introrse, bursting longitudinally. 
Disk fleshy or glandular. Ovary usually 3-celled (fig. 906), rarely 
2 or 4-celled, each cell containing 1, 2 (fij. 726), 3, or rarely 

Fig. 900 . Fig 907 . 




Fin. 906. Diagram of the flower of the Horvecbestnut (.Ftcitltis Hippo- 
castanum). Fvj. 007. 'Veitical tecta on uf the flovm. Fta !M)8 Ver- 
tical section of the seed. J 


more ovules ; style undivided or 2—3-cleft. Fruit either fleshy 

and indehiscent ; or capsular, or samaroid, with 2 3 valves. 

Seeds usually anllate, exalbuminous ; embryo rarely straight, usu- 
ally curved (fig. 908) or twisted in a spiral direction ; cotyledons 
sometimes very large ; radicle next the hilum. 

Diagnosis. — Flow ers unsymmetrical, hypogynous. Sepals 
and petals 4—5, imbricate, the latter commonly with an ap- 
pendage. Stamens never agreeing in number with the sepals and 
petals, inserted on a fleshy or glandular disk, or upon the thala- 
mus ; anthers bursting longitudinally. Fruit usually consisting 
i>f 3 carpels. Seeds commonly 2, sometimes 1 or 3, or very rarely 
nore, exalbuminous, usually arillate and without wings; embryo 
-“nost always curved or spirally twisted. 

4 * Division of the Order and Examples of the Genera.— This order 

Aye divided into 4 sub-orders, as follows : — 
decoc 
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Sub- order 1. Sctpindese. — Leaves alternate. Ovules usually 
solitary. Embryo generally curved or sometimes straight. 
Examples: — Sapindus, Nephelium. 

Sub-order 2. Hippocastaneae. — Leaves opposite. Ovules 2 in a 
cell, of which one is ascending, and the other suspended (Jig. 
726). Embryo curved (Jig. 908), with a small radicle and 
large fleshy consolidated cotyledons. Examples : — JEsculus, 
Pavia. 

Sub-order 3. Dodoneae. — Leaves alternate. Ovules 2 or 3 in a 
cell. Embryo spiral. Examples: — Dodonsea, Ophiocaryon. 
Sub-order 4. Mehosmeae. — Leaves alternate. Flowers very irre- 
gular. Stamens 5, 3 of which are abortive, and only 2, there- 
fore, fertile. Ovules 2 in a cell, both of which are suspended. 
Fruit a drupe. Embryo folded up. Example: — Meliosma. 

Distribution and Numbers. — Chiefly found in tropical regions, 
especially those of South America and India ; some occur in 
temperate climates, but none inhabit the cold northern parts of 
the globe. There are no native plants of this order in Europe. 
The Horsechestnut, now so well known in this country, is only 
naturalised among us. There are nearly 400 species. 

Properties and Uses. — One of the most prominent properties of 
the plants of this order is the presence of a saponaceous principle, 
from which its common name is derived. Many are poisonous 
in all their parts ; but it is more frequently the case that, while 
the root, leaves, and branches are dangerous, the poisonous juice 
becomes so diffused throughout their succulent fruits as to ren- 
der them innocuous, or, in several instances, even valuable arti- 
cles of dessert. It sometimes happens, as in the Litchi and 
Longan fruits, that while the pericarp is wholesome, the seeds 
are dangerous. Some plants of the order are astringent and aro- 
matic ; others are diaphoretic, diuretic, and aperient ; and some 
are valuable timber trees. 


JEsculus . — The bark of JEsculus Hippocasianum , the Horsechestnut, is 
febrifugal. Its young leaves are somewhat aromatic, and Endlicher says 
that they have been used as a substitute for Hops. The seeds have been 
long employed as an excellent food for sheep in Switzerland, and have been 
also recommended as a substitute for Coffee. They contain a saponaceous 
principle like the fruits of certain species of Sapindus. They also contain a 
large quantity of .starch, and are much used m France, instead of potatoes 
and cereals, as a source for that substance. In some parts of Holstein also, 
this starch, which is *here very carefully prepared, has been used for many 
years for household purposes, being much preferred to that obtained from 
wheat or potatoes. The seeds are said to yield by expression a fixed oil, 
which has been introduced under the name* of Oil of Horsechestnut, as an 
external application in rheumatism, &c. Nothing, however, is known of the 
extraction of the oil from these seeds, and its source from them is scarcely 
probable. The roots, leaves, and fruits of the JEsculus ohiotensis, the Buck- 
eye or American Horsechestnut, are generally regarded as poisonous, both 
to man and animals. 

Cardiospermum JIalicacabum . — The root is described as diuretic, diapho- 
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retie, and aperient. Its leaves, when boiled, are eaten as a vegetable in the 
Moluccas. 

Cupania ( Blighia ) sapida. — The distilled water of the flowers is used by- 
negro women as a cosmetic. The succulent slightly acid aril of the seeds 
is eaten, and much esteemed in the West Indies and elsewhere. The fruit in 
which the seeds are contained is commonly known under the name of the 
Akee-fruit. A decoction of these has been used in diarrhoea. 

JJodonaea. — Some of the species of this genus are aromatic. The wood 
of />. dioica is carminative. Others are reputed to be slightly purgative and 
febrifugal. 

Nephelium — This genus yields the delicious fruits of China and the 
Indian Archipelago, known under the names of Litchi, Longan, and Rambu- 
tnn. A r ephelium Litchi produces the Litchi ; N. Longan , the Longan ; and 
N. Rambutan or lappaceum , the Rambutari fruit. The Litchi fruits are fre- 
quently imported into this country ; and rarely also, the Longan. It should 
be noticed that the seeds of all these fruits are very bitter, and are probably 
poisonous. 

PauUinia. — The seeds of Paullinia sorbilis , Guarana, are used in Brazil 
in the preparation of a kind of food which is known as Guarana bread, 
Brazilian Cocoa, or simply as Guarana. Guarana is also there used as a 
remedy in many diseases. Guarana bread is prepared by taking the dried 
seeds deprived of their aril, and pounding and kneading them into a mass, 
which is afterwards made into oblong or rounded cakes. These cakes are 
used in the same manner as we use cocoa and chocolate — that is, they are 
mixed with water, and the mixture sweetened and drunk. This beverage 
is largely consumed in Brazil, both on account of its nutritive qualities, 
and for its stomachic, febrifugal, and aphrodisiac effects. It contains a bitter 
crystalline principle called Guaranin , which appears to be identical with 
thein (see Thea ), the active principle of tea and coffee, and hence Guarana 
bread has a somewhat similar effect upon the system to that produced by 
those two beverages. Guarana has been lately highly recommended for 
use in this country and elsewhere as a remedy in nervous headache, but at 
present with very conflicting results. Its action is probably similar to tea, 
over which it seems to possess no advantages. It has also been recommended 
as a remedy in neuralgia, diarrhoea, and other diseases. In many species of 
Paullinia , the narcotic property, whi< h is but slightly marked in P. sorbilis, 
is very evident. Thus, the leaves, nark, and fruit of P. pinnata are very 
dangerous, and are used in the preparation of a poison by the Brazi’ians, 
which slowly but surely destroys life. Martius suggests that this poison 
might be efficacious in hydrophobia aud insanity. — L. cururu and P. austra- 
lis have similar poisonous properties. 

Sapindus. — The fruits of Sapindus Saponaria, as well as those of S. 
ineequalis and others, contain a saponaceous principle, so that w hen mixed 
with water they produce an abundant lather ; hence they are u-<ed in the 
West Indies instead of soap. Jt is said that ‘a few of them will cleanse 
more linen than sixty times their weight of soap.’ These plants also 
contain a narcotico-acrid principle, as the pounded fruits, when thrown 
into water in which fish are contained, will produce upon them a kind of intoxi- 
cation. The pericarp of seneyalensis is eaten, but the seeds act as a 
narcotico-acrid poison. The fruits of Sapindus esculentus and others are also 
edible. 

Schmidelia sejrata has an astringent root, which has been used in India 
for diarrhoea. 

The fruits of many plants belonging to this order, besides those already 
named, are edible, as those of Pierardia sativa and P. dulcis , producing the 
Rambeh andChoopa of Malacca ; and Hedycarpus malayanus producing the 
Tampui. Schmidelia edulis, in Brazil ; Mclicocca tdjuga, in the West Indies 
and Brazil ; Pappea capensis , at the Cape of Good Hope, &c., also yield 
edible fruits. 
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Natural Order 41. Polygalace,®. — The Milkwort Order. — 
Character . — Shrubs or herbs. Leaves alternate {fig. 909) or 
opposite, exstipulate, and usually simple. Pedicels with 3 bracts. 
Flowers irregular, unsymraetrical (figs. 909 and 910), and ar- 
ranged in a somewhat papilionaceous manner ; but here the wings 
belong to the calyx, whereas in the Leguminosi© they belong to 
the corolla. Sepals 5 (fig. 910, s), very irregular, usually dis- 
tinct ; of which 3 are placed exterior, and of these 1 is posterior 


Fro. 009. 



Fro. 010. Fig. 911. Fig. 91*2. 



Fig. 914. Fig. 913. 


Fig. 909. A portion of the stem of the common 
Milkwort ( Polygala vulgaris), with simple alter- 
nate exstipulate leaves, and irregular flowers. 

Fig. 910. Diagram of the flower of the 

same. s. Sepals, ps, ps , j>s. Posterior and 
anterior large petals, pr, pr. Lateral petals. 

e. Stamens, c. Carpels. Fig. 911. Gyncecium 

of the same. oi\ Ovary, sfyl. Style, stiff. 

Stigma. Fig. 912. Fruit with one ceil opened. 

per. Tericarp. gr. Seed. r. Caruncula. Fig. 

913. Section of seed. te. Testa, nr. Caruncula. 

af. Albumen, pi. Embryo. Fig. 914. Androe- 

cimn of the same, with one-celted anthers 
dehiscing at their apex. 


and 2 anterior ; the 2 interior are lateral, usually petaloid 
{fig. 909), and form the wings to the flower. Petals hypogynous, 
usually 3, more or less united, of which 1 , forming the keel, 
is larger than the rest, and placed at the anterior part of the 
flower ; the keel is either naked, crested (fig. 909) or 3-lobed ; 
the other 2 petals are posterior, and alternate with the wings 
and posterior sepal of the calyx, and are often united to the 
keel ; sometimes there are 5 petals (jug. 910), and then the 2 
additional ones, pr, pr, are of small size, and alternate with the 
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wings and anterior sepals. Stamens hypogynous, 8 (Jigs. 910, 
<?, and 914), usually combined into a tube, unequal, the tube 
split on the side next to the posterior sepal (Jig. 914) ; anthers 
clavate, innate, usually 1-celled (Jig. 914), rarely 2-celled, open- 
ing by a pore at their apex. Ovary (Jigs. 910, c, and 911, ov ), 
2— 3-celled, one cell being frequently abortive ; ovules solitary 
or twin, suspended ; style simple (Jig. 911, styl), curved, some- 
times hooded at the apex ; stigma simple (Jig. 911, stig). Fruit 
(Jig. 912) varying in its nature and texture, mdehiscent or open- 
ing in a loculicidal manner, occasionally winged. Seeds pendu- 
lous (Jig. 912, gr ), smooth or hairy, with a caruneula next the 
hilum (Jigs. 912, r, and 913, ar) ; embryo straight or nearly so, 
in copious fleshy albumen, and with the radicle towards the 
hilum (Jig. 913, pi). 

Diagnosis . — Herbs or shrubs, with exstipulate leaves. Flow- 
ers irregular, unsymmetrical. Sepals and petals imbricate, not 
commonly corresponding in number, and usually arranged in a 
somewhat papilionaceous manner ; odd petal anterior ; odd 
sepal posterior. Stamens 8, hypogynous, usually combined ; 
anthers generally 1-celled, with porous dehiscence. Fruit flat- 
tened, usually 2-celled and 2-seeded. Seed with abundant 
fleshy albumen, and with a caruneula next the hilum. 

Distribution, Examples , and Numbers . — Some genera of the 
order are found in almost every part of the globe. The indi- 
vidual genera are, however, generally confined to particular 
regions, with the exception of the genus Folygala, which is very 
widely distributed, being found in almost every description of 
station, and in both warm and temperate regions. Examples oj 
the Genera: — Polygala, Monnina, Soulamea. There are about 
500 species. 

PropeHies and Uses . — The greater part of the plants of this 
order are bitter and acrid, and their roots milky ; hence they 
are frequently tonic, stimulant, and febrifugal. Some are 
emetic, purgative, diuretic, sudorific, or expectorant. A few 
species have edible fruits, and others abound in a saponaceous 
principle. 


Monnina polystachya and M. salici folia. — The bark of the root of those 
plants is especially remarkable lor the presence of a saponaceous principle ; 
it is used in Peru as a substitute for soap, and lor cleaning and polishing 
silver. It is moreover reputed to be a valuable medicine in diarrhoea and 
similar diseases. The leaves are also said to be expectorant. 

Folygala. — Many species of this genus have bitter properties, as P. amara , 
P. rubella, P. vulgaris, and P. major ; they have been used as tonics, stimu- 
lants, diaphoietics, &c. — Polygala Senega , Senega Snake- root. — The root 
of this species was first introduced into medicine as an antidote to the bites 
of snakes. Various other species of Polygala have been reputed to possess 
similar properties, but they are generally regarded as altogether useless in 
such cases. Senega Snake-root is official in this country, where it is used 
in large doses as an emetic and cathartic ; and in moderate doses as a siala- 
gogue, expectorant, diaphoretic, diuretic, and emmenagogue. Its principal 
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virtues are due to the presence of a very acrid substance, which has been 
called Senegin or Polvgalic Acid ; it is said to be a giucoside, and is in the 
form of a white amorphous powder. — P. sanquinea and P.pvrpurea, in North 
America ; P. Serptntaria, at the Cape ; P. Chamwbuxua, in Europe ; P. 
crotalarinides and P. telephioides, in the Himalayas, and other species, are 
said to possess somewhat similar properties ; and one species, P. venenosa , a 
native of Java, has the acrid principle in so concentrated a state as to render 
it poisonous. — P. tinctoria , an Arabian species, is used for dyeing. 

Snulamea amarn , a native of Malacca, is intensely bitter, and is re- 
garded as a valuable febrifuge, and also a medicine which has been employed 
with very great success in cholera and pleurisy. 

Natural Order 42. Krameriaoeje. — The Rhatany Order. — 
Diagnosis. — This natural order comprises but the single genus 
Krameria. Some botanists still retain it in the order Polyga- 
laceee, to which it was formerly always referred ; but Krameria 
appears certainly to present sufficient claims to separation from 
that order. The Krameriacese resemble the Polygolacepe in their 
exstipulate leaves ; in having hypogynous unsymmetrical flowers ; 
in their few stamens with porous dehiscence ; and in their definite 
pendulous ovules. They are distinguished from the Polygalacew 
in their flowers not presenting a papilionaceous arrangement ; 
in their stamens being 1, 3, or 4, and distinct ; in their ovary 
being 1-celled, or incompletely 2-celled ; and in their exai- 
buminous seeds. Bv Braun and some other botanists the genus 
Krameria has been referred to Leguminosae. 

Distribution , Examples, and Numbers. — Found in the warm 
and temperate regions of Central America and South America. 
The order contains but one genus, which comprises 1G species. 

Properties and Uses. — The roots of the different species of 
Krameria are very astringent ; they are commonly known 
under the name of Rhatany roots. 

Krameria. — The root of Krameria triandra , a native of Peru, is official 
in the British Pharmacopoeia. It is known as Peruvian, Payta, or Red 
Rhatany. The supply of this root is uncertain, and hence its place i<* 
frequently supplied by the root of another species, K. Ixhia, a native of 
New Granada and Brazil, which is termed Savanilla, New Granada, or 
Violet Rhatanv, and which is quite as efficacious as it. A third kind of 
Rhatany, which is gaid to be demed from K. argentea, is also occasionallv 
impoited from Para ; it is known as Brazilian or Para Rhatany, or from its 
colour Brown Rhatany. Rhatanv root is used in medicine as an astringent, 
and is well adapted for all those diseases which require the employment of 
such medicines. It is also employed, mixed with equal parts of orris 
rhizome and charcoal, as a tooth-powder. A saturated tincture of Rhatany 
root in brandv is calh d wine colouring, and is used in Portugal to give 
loughness to Port wines. 

Natural Order 43. Tremandrace.e. — The Porewort Order. — 
Character. — Heath-like shrubs , with usually glandular hairs. 
Leaves exstipulate, alternate or whorled. Flowers axillary, 
solitary, pedicellate. Sepals 4 or 5, equal, slightly coherent, 
deciduous, and with a valvate aestivation. Petals corresponding 
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in number to the sepals, deciduous, and with an involute aesti- 
vation. Stamens distinct, hypogynous, 8 — 10, 2 being placed 
before each petal ; anthers 2 or 4-celled, with porous dehiscence 
(Jig. 533). Ovary 2-celled; ovules 1—3 in each cell, pendulous ; 
style 1 or 2 ; stigmas 1 — 2. Fruit 2-celled, a capsule with 
loculicidal dehiscence. Seeds pendulous, hooked at their apex ; 
embryo straight, in the axis of fleshy albumen ; radicle next the 
hilum. 

Distribution , Examples , and Numbers. — All are natives of New 
Holland. Examples of the Genera : — Tetratheca, Treinandra. 
The order includes 16 species. 

Properties and Uses. — Altogether unknown. 

Natural Order 44. Acerace^e. — T he Maple Order. — Cha- 
racter. — Trees. Leaves opposite, simple, without stipules; vena - 
tion usually radiate, rarely pinnate. Flowers often polyga- 
mous. Calyx with an imbricate aestivation, usually 5-partite, 
occasionally 4 or 9-partite. Petals imbricate, corresponding 
in number to the divisions of the calyx, or altogether absent. 
Stamens usually 8, inserted on or around a fleshy hypogynous 
disk. Ovary superior, 2-lobed, 2-celled ; style 1 ; stigmas 2 ; 
ovules in pairs. Fruit a samara, 2-celled (Jig. 699). Seeds 1 or 2 
in each cell, without an aril, exalbuminous ; embryo curved, 
with leafy wrinkled cotyledons, and an inferior radicle. 

Diagnosis. — Trees with opposite simple exstipulate leaves. 
Flowers unsymmetrical. Sepals and petals imbricate, the 
latter without any appendages on their inside. Stamens hypo- 
gynous, on a fleshy disk ; anthers bursting longitudinally ; ovary 
superior, 2-celled. Fruit a samara, 2-celled, each cell contain- 
ing 1 or 2 seeds. Seeds without an aril, exalbuminous ; embryo 
curved, with an inferior radicle. 

Distribution , Examples, and Numbers. — The plants of this 
order are natives of the temperate parts of Europe, Asia, and 
North America. None have been found in Africa and the 
southern hemisphere. Examples of the Genera : — Acer, Negundo. 
There are about 60 species. 

Properties and Uses. — These plants are chiefly remarkable for 
their saccharine sap. Their light and handsome timber is also 
much used in turnery, for certain parts of musical instruments, 
and for other purposes ; and their bark is astringent, and is 
employed in different districts by the dyer in the production of 
yellow, reddish-brown, and blue colours. 

Acer. — A . saccharitwm is the Sugar Maple. The Maple Sugar of America 
is obtained from this tree by making perforations into its trunk at the 
commencement of spring, and boiling down the saccharine sap which then 
exudes to the crystallising point. A few years since nearly 60 millions of 
pounds of Maple Sugar were annually produced in North America, but the 
quantitv is diminishing yearly in consequence of the destruction of the 
native /orests. A. dasycarpum and other species also yield sugar. The bark 
of A. saccharinum has been also used in America in the production of a blue 
dye, and as an ingredient in the manufacture of ink. — A. campestre and A, 
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Fseudo-platanus are common trees in Britain, and afford useful timber ; the 
latter is generally known under the names of the Sycamore, Greater Maple, 
and Mock-plane. It derives the latter name from the resemblance of its 
leaves to those of the true Plane-tree. Its wood is also used for making 
charcoal. 

Natural Order 45. Hippocrateaceas. — The Hippocratea Order. 
— Diagnosis. — Shrubs with opposite simple leaves, and small de- 
ciduous stipules. Flowers small, regular, and unsymmetrical. 
S(pals and petals 5, hypogynous, imbricate, the former per-* 
sistent. Stamens 3, hypogynous, monadelphous ; anthers with 
transverse dehiscence. Ovary 3-celled ; placentas axile ; style 1. 
Fruit baccate, or consisting of 3 samaroid carpels. Seeds definite, 
exalbuminous ; embryo straight ; radicle inferior. 

Distribution , Examples , and Numbers. — They abound princi- 
pally in South America ; some are also found in Africa and the 
East Indies. Examples of the Genera : — Hippocratea, Tontelea. 
There are about 80 species. 

Propetiies and Uses. — Very little is known generally of the 
plants of this order. The fruit of several Brazilian species of 
Tontelea is edible, and in Sierra Leone that of T. pyriformis is 
described as very pleasant. Hippocratea comosa yields nuts of 
an oily and sweet nature. The inner yellow bark of Kokoo'na 
zeylanica is employed in Ceylon as a febrifuge and sternutatory, 
and as a dye. 

Natural Order 46. Malpighiace,e. — The Malpighia Order. 
— Character. — Trees or shrubs , often climbing. Leaves usually 
opposite or whorled, rarely alternate ; stipules generally short 
and deciduous, sometimes larger and interpetiolar ; the leaves 
are occasionally furnished with hairs, which are fixed by their 
middle, that is, peltate (Jig. 147). Flowers perfect or poly- 
gamous. Calyx 5-partite, persistent, frequently with glands 
ai the base of one or all of the divisions ; aestivation imbricate or 
rarely valvate. Petals 5, hypogynous, unguiculate ; aestivation 
convolute. Stamens usually 10, monadelphous or distinct ; con- 
nective fleshy and elongated beyond the anther-lobes. Ovary 
generally consisting of 3 carpels, rarely 2 or 4, partially or 
wholly combined ; ovules 1 in each cell, pendulous from a 
long stalk ; styles 3, distinct or united ; stigmas 3, simple. Fruit 
either drupaceous, samaroid, or a woody nut. Seed solitary, 
suspended, exalbuminous (Jig. 759) ; embryo straight or variously 
curved. 

Diagnosis. — Tre-.s or shrubs, with simple stipulate leaves. 
Flowers perfect or polygamous. Calyx and corolla with 5 parts j 
the sepals having usually large glands at the base, and imbricate 
or very rarely valvate in aestivation ; the petals unguiculate, 
without appendages, hypogynous, convolute. Stamens usually 
10, sometimes 15, with a fleshy prolonged connective. Ovary 
generally composed of 3 carpels, or in any case not corresponding 
in number, or being any power of the three outer whorls ; ovules 
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solitary, pendulous from long stalks. Seeds exalbuminous, 
usually with a convolute embryo. 

Distribution , Examples, and Numbers. — They are almost ex- 
clusively natives of tropical regions. Examples of the Genera : 
— Malpighia, Byrsonima, Nitraria. There are about 580 
species. 

P)operties and Uses. — An astringent property appears to be 
most general in the plants of this order. Some have edible 
fruits ; and the seeds of others are reputed to be poisonous. 

Bunchosia armeniaca, a native of Peru, is stated to have poisonous seeds. 

byrsonima. — Some species have edible fruits. The By mommas are, how- 
ever, principally remarkable lor their astringencv. Thus t he fruit of B. spicata 
( Bois-tan ) is used in dysentery ; the bark of B. crassifolia is employed in- 
ternally as an antidote to the lute of the rattlesnake, and for other purposes 
where astringent medieines are desirable. The haik of other species is also 
in use for tanning in Brazil. American Alcornoque bark, which is im- 
ported into this country for the use of the tanner, is said to be the produce 
of B. lavrifolia , B. rhopalmfolia , and B. coccolobnefolia. 

Malpighia glabra and M. panic if alia have edible fruits, which are used in 
the West Indies, as a dessert, under the name of Barbadoes Cherries. 

Nitraria. — This genus is by some put into an order by itself called Nitra- 
riaceae. According to Munby, N. tridentata is the true Lotus- tree of the 
ancients. (See also Zizyplius .) It is a native of the desert of Sonssa, near 
Tunis, and its fruit is of a somewhat intoxicating nature. — N. Billardieri, a 
native of Australia, has an edible fruit. 

Natural Order 47. Erythroxylaoe^e. — The Erytliroxylon 
Order. — Diagnosis. — This order is closely allied to Malpighi- 
acern, and, in fact, it scarcely presents characters sufficient to 
warrant its separation from that order. Its distinctive cha- 
racters, according to Lindley, are as follows : — the flowers arise 
from amongst numerous small imbricate scale-like bracts ; the 
calyx has no glands ; the petals have at their base two parallel 
membranous plates ; the stigmas are capitate ; the ovules are 
sessile and truly anatropous ; and the embryo is straight. By 
Bentham and Hooker, this order is combined with the Lin- 
aceee. 

Distribution , Examples , and Numbers. — The plants of this 
order abound in Brazil ; many also occur in some other parts of 
South America, and the West Indies ; and a few are scattered 
throughout many of the warmer regions of the globe. There 
is but one genus, Erythroxylon , which includes about 75 species. 

Properties and Uses. — Some species of Erythroxylon are tonic, 
others purgative, and others stimulant and sedative. The 
wood of E. hypericifolium and the bark of E. snberosum are red, 
and are used in the preparation of dyes of that colour. The 
wood of others has a similar reddish appearance, and from 
this common colour of the wood the name of the genus is 
derived. 

Erythroxylon Coca. — The dried leaves of this plant, under the name of 
Coca or Cuca, are commonly used mixed with a little lime, or wood ashes 
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formed of the burnt stems of Chenopodium Quinoa , Cecropia peltata , or other 
plants, by the natives of Peru and some other parts of South America, as 
a masticatory. The Peruvian Indians have alwavs ascribed to coca the 
most extraordinary virtues. Thus, they believe that it lessens the desire 
and the necessity for ordinary food, and^ in fact, that it may be considered 
as almost a substitute for food. Spruce says, that an Indian with a chew 
of Ipadu (the native name for coca of the Indians of the Rio Negro) in his 
cheek, will go two or three days without food, and without feeling any desire 
to sleep. Yon T^chudi, Markham, Stevenson, Dr. Scherzer, and others 
have also given somewhat similar testimony as to the effects of coca. But 
Weddell speaks tar less highly of its virtues. He states that it does not 
satisfy the appetite, but merely enables those who chew it to support ab- 
stinence for a length of time w ithout a feeling of hunger or weakness. The 
u^e of coca is also said to prevent the difficulty of respiration which is gene- 
rally experienced in ascending long and steep mountains. Ij^xcessive use 
has been stated to be very injurious by producing analogoiiS^ects to those 
occasioned by the immoderate consumption of opium and fermented liquors ; 
but Tschudi says that its moderate use is rather beneficial than otherwise. 
Christison lias also recently testified to its value, from experiments made on 
himself and others, in removing and preventing fatigue. He states that 
by its use ‘ hunger and thirst are suspended; but eventually appetite and 
digestion are unaffected.’ The expeiiments more recently of Dowdeswell 
tend to prove, however, that, therapeutically or otherwise, it is of little 
or any value. It has, however, been highly eulogised as a remedy in 
intermittent fevers, and in various other dDea'-es, but no striking effects 
have followed its use in this country. It was computed by Johnston some 
time since, that the annual consumption of coca was 80,000,000 lbs., and 
that its chf wing was indulged in by about 10,000,000 of the human race. 
In Bolivia alone 15,000,000 lbs. of coca are produced annually. The nature 
of the constituents, thus said to give rise to the peculiar stimulating, 
hunger-allaying, and narcotic effects of coca, are stated to depend essentially 
on two peculiar alkaloids, one of which, termed cocaine , is crystalline, and 
the other, called hyg/ine. is volatile and odoriferous. It also contains a 
peculiar form of tannic acid, termed coca-tannic acid. 

Set hi a. — S. indica is in great repute in Cevion as a vermifuge for 
children. The leaves are dried, powdered, and given mixed with boiled 
rice. — S. acuminata is aDo used in a similar way for the same purpose. It 
is known in Ceylon as Matura Worm Medicine. 

Natural Order 48. Cedrelace^e. — T he Mahogany Order. — 
Character. — Trees. Leaves alternate, pinnate, exstipulate. 
Calyx 4— 5-cleft, imbricate. Petals hypogynous, of the same 
number as the divisions of the calyx, imbricate. Stamens twice 
as many as the petals and divisions of the calyx, either united 
below into a tube, or distinct and inserted into an annular hypo- 
gynous disk ; anthers 2-celled, with longitudinal dehiscence. 
Ovary usually with as many cells as there are divisions to the 
calyx and corolla, or rarely only 3 ; ovules 4 or more, in two 
rows, anatropal ; style and stigma simple. Fruit capsular (fig. 
672), dehiscence usually septifragal. Seeds (fig. 672, g) hat, 
winged, attached to axile placentas ; albumen thin or none ; 
embryo straight, erect, with the radicle next the hilum. 

Distribution, Examples, and Numbers. — Chiefly natives of the 
tropical parts of America and India ; they are very rare in 

1 1 



482 


MELIACE23, 


Africa. Examples of the Genera -Swie tenia, Soymida, Chlor- 

oxylon. There are about 25 species. 

Properties and Uses. — The plants of this order have fragrant, 
aromatic, tonic, astringent, and febrifugal properties, and many 
of them are valuable timber-trees. 

Cedrela. — The bark of the plants of this genu* is generally fragrant. — C. 
fe'irifuga, C. Too), a, and other specie;*, have febrifugal and astringent barks ; 
they have been used as substitutes for Cinchona. — C. odorata is the source 
of Jamaica or Honduras Cedar. — C. Toona furnishes a wood resembling 
mahogany, which is much used in the East Indies, and is occasionally im- 
ported into this country. It is termed Toon. Tunga, Poma, or Jeea wood ; 
and is said to be one of the woods known as Chittagong wood. — C. australis 
produces the Red Cedar of Australia. 

Chloroxylou. — The leaves of this genus are dotted, and yield by distilla- 
tion an essential oil. — C. Swietenia is the source of Indian Satin Wood, 
which is sometimes imported iuto this country for the use of cabinet-makers. 
It is also employed for making the backs of hair and clothes-brushes, and 
by the turner. 

Oxleya xanthoxyla furnishes the Yellow wood of Queensland. 

Soymida febnfuya , the Rohuna or Red- wood Tree. — The bark, which 
is official in the Pharmacopoeia of India, is commonly known under the name 
of Rohun Bark, and is regarded as tonic, febrifugal, and astringent. In the 
Bengal bazaars, the bark of Strychnos Nux-vomica is also known under the 
native name of liohun, and this has led to its occasional substitution for 
Soymida bark (see Strychnos). It is much employed in the hast Indies 
in intermittent fever.*, diarrhoea, and dysentery. 

Swietenia Mahugoni supplies the well-known valuable wood called Ma- 
hogauv. This is chiefly imported from Honduras and Cuba, and also to 
some extent from other West Indian islands. Its bark possesses febrifugal 
properties. 

Natural Order 49. Meliace.e. — T he Melia Order. — Charac- 
ter. — Trees or shrubs. Leaves alternate or rarely somewhat 
opposite, simple or pinnate, exstipulate. Flowers occasionally 
unisexual by abortion. Calyx 3, 4, or 5-partite. Petals equal 
in number to the divisions of the calyx, hypogynous, sometimes 
united at the base ; imbricate or valvate. Stamens twice as 
many as the petals, inonadelphous ; anthers sessile, placed 
within the orifice of the tube formed by the coherent filaments. 
Disk hypogynous, sometimes large and cup-like. Ovary com- 
pound, usually 2, 3, 4, or 5-celled, rarely 10 or 12-celled ; 
style 1 ; stigmas separate or combined ; ovuks 1, 2, or rarely 4, 
in each cell. Fruit baccate, drupaceous, or capsular, in the 
latter case opening loculicidally ; many-celled, or by abortion 
1-celled. Seeds few, not winged, arillate or exarillate ; albumen 
fleshy or usually absent ; embryo generally with leafy cotyledons. 

Diagnosis. — This order is very nearly allied to Cedrelacete, 
and by some botanists the latter order is included in it. It is 
chiefly distinguished from Cedrelaceae by having more com- 
pletely inonadelphous stamens ; by the possession of fewer seeds ; 
and in those seeds being without wings. 

Distribution, Examples, and Numbers. — They are found more 
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or less in all the tropical parts of the globe ; but are said to be 
more common in America and Asia than in Africa. A few are 
extra- tropical. Examples of the Genera Melia, Aglaia, Carapa.. 
There are about 150 species. 

Properties and Uses. — These plants are generally remarkable 
for bitter, tonic, and astringent properties. Others are powerful 
purgatives and emetics, as Guarea Anbletii , G. trickilioides , G. 
pnrgans , G. spicijiora, and some species of Trichilia ; these all 
require much caution in their administration, and in some cases 
are reputed poisonous. A few species have edible fruits. 

Ag 7 aia odorata. — The flowers are sometimes used to give a perfume to 
certain varieties of Tea. 

Carapa. — The seeds of C. guineensis , an African species, yield by ex- 
presMon a fatty oil, called Kundah or Tallicuonah, which i,> purgative and 
anthelmintic ; it is also adapted for burning in lamps, and for other pur- 
poses. An oil of a similar nature is also obtained from C. Toulaucouna ; it 
has been imported under the name of mote-grease. The seeds of C. ynianensi*, 
an American species, also yield a somewhat similar oil, called Crab oil, which 
posse-ses analogous properties. The bark of these species possesses febrifugal 
properties. 

Lanai um. — This is a genus of plants inhabiting the East Indian Archi- 
pelago. They yield fruits which are much esteemed, and known under the 
names of Langsat, Lanslh, Ayer-Ayer, or Bejetlan. 

Melia Azadirachia , the Nim, Neem, or Margosa tree of India. — The bark 
possesses astringent, tonic, and antiperiodic properties ; and the fresh leaves 
are stimulant, and are used as an external application in the form of a 
poultice to indolent ulcers, &c. The leaves have been also recommended' 
as a valuable remedy in the premonitory and progressive stages of small- 
pox. The seeds yield a bitter oil, which is a favourite native remedy 
in India as an anthelmintic, and as an external application in rheumatism, 
& c. Both the bark and leaves are official in the Pharmacopoeia of Judia. 
— M. A zederach. — The root-bark of this tree is official in the United States 
Pharmacopoeia; it is regarded as an anthelmintic. The fresh bark is the 
most active. 

Milneu edulis produces an agreeable fruit. 

Xyiocarpus Granatmn. — 1 he bark possesses astringent and tonic pro- 
perties, and is employed as a remedy by the Malays in diarrhoea, cholera, &c. 


Natural Order 50. AuRANTiArE^. — The Orange Order. — 
Character . — Trees or shrubs. Leaves alternate, exstipulate, 
dotted, and with the blade articulated to the petiole (Jig. 315), 
which latter is usually winged. Flowers regular, fragrant. 
Calyx short (Jig. 917), urn-shaped or campanula te, 3 — 5-toothed 
(Jigs. 915 and 917), withering. Petals equal in number to the 
divisions of the calyx (.%. 915), distinct or slightly coherent at 
the base, imbricate, inserted on a hypogynous disk, stamens 
equal in number to the petals or some multiple of them ; 
filaments flattened at the base, either distinct or united into one 
or several bundles (figs. 548 and 915) ; inserted along with the 
petals on the disk. Disk hypogynous, annular (Jigs. 916 and 
917). Ovary many-celled (Jig. 915) ; style 1 (Jigs. 916 and 917); 
stigma enlarged (Jig. 917) and slightly divided ; omdes solitary 
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or numerous. Fruit indehiscent, constituting what has been 
termed an hesperidium (jig. 707) ; placentas axile (jigs. 707 and 
016). Seeds eolitary or numerous ; sometimes containing more 


Fig. 915. 



Fig. 916. 



Fig. 917. 



Fia. 915. "Diagram of the flower of the Orange ( Citrus Aurantium>. 

Fn/. 91 Vertical section of the pistil, showing a portion of the disk nt 

its base and a solitan hypogmous stamen. Fxf. 917. 1’istil of the 

Orange, with disk at its base and the catyx : the petals and stamens have 
been removed. 

than one embryo ; the raphe and chalaza generally very evident, 
exalbuminous ; embryo straight, with thick fleshy cotyledons, and 
a short radicle next the hilum. 

Diagnosis. — Trees or shrubs with alternate dotted exstipnlate 
leaves, having the blade articulated to the petiole. Flowers 
regular. Calyx and corolla with from 3 — 5 divisions, the latter 
slightly imbricate and deciduous. Stamens hypogynous, equal 
in number to the petals or some multiple of them, with flat 
filaments, which are either distinct or slightly coherent into one 
or more bundles. Disk hypogynous, and bearing the petals and 
stamens. Ovary mranv-celled ; placentas axile ; style 1. Fruit 
indehiscent. Seeds solitary or numerous, exalbuminous ; embryo 
straight ; radicle short ; cotyledons thick and fleshy. 

This order is by some authors combined with the Rutaceae. 

Distribution , Examples, and Numbers. — The plants of this 
order are chiefly natives of the East Indies, but they are 
generally distributed by the agency of man throughout the 
warmer regions of the globe. Examples of the Genera : — Feronia, 
^Egle, Citrus. There are about 100 species. 

Properties and Uses. — These plants abound in glands con- 
taining essential oils, which render them fragrant ; hence such 
oils are useful in perfumery, and for flavouring, and other pur- 
poses. These volatde oils are especially abundant in the leaves, 
the petals, and the rind of the fruit. The latter also contains a 
bitter tonic principle. The pulp of the fruit has an acid or some- 
what saccharine taste ; and the wood is always hard, and of a 
compact nature. 
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JEg'e Marmehs. Indian Bael. — The half-ripe fruit is a favourite 
remedy in India as a demulcent and astringent in diarrhcea and dysentery. 
In a dried state it is now official in the British Pharmacopoeia, but it appears 
in this condition to be far less active than when fresh. Mangosteen rind 
has been substituted for it in this country, as first noticed by the author 
of this volume. (See Garcinia .) The bark of the root likewise possesses 
astringent properties. Its leaves are also reputed to be useful in asthmatic 
complaints. The rind of the ripe fruit yields a pleasant perfume, and its 
pulp is described as being very nutritious and most pleasant to the taste ; it 
posses-es, moreover, laxative properties. 

Casimiroa edulis. — The fruit is said by Seemann to be delicious, and also 
to produce a soporific effect. 

Citrus. — This is by far the most important genus of the order ; the fruits 
yielded by the different species and varieties being highly valued for dessert 
and other purposes. The Orange, Lemon, Lime, Shaddock, Pompelmoose, 
Forbidden Fruit, Kumquat, and Citron, are all well-known, although the 
species from wlii *h they are derived are not in all canes well defined. — 
Citrus Aurantinm , Kisso — The fruit is the Common or Sweet Orange. 
01 this there are a great many varieties ; the most important of which are 
the Common or China Orange, the Blood Red or Malta Orange, and the St. 
Michael’s Orange. Other varieties are sometimes imp >rted, as the Noble or 
Mandarin Orange and the Tangerine Orange. The Orange-tree is remark- 
able for the enormous number of fruits it is capable of yielding ; thus, one 
tree will someti nes produce as many as 20,000 oranges. The small unripe 
Iruits of this species, as well as those of the Bitter Orange, form what are 
called Orange-berries ; these are used for flavouring Cura^oa, and when 
polished by a lathe, they constitute the ordinary issue peas of the pharmacies. 
The leaves and young shoots of the Sweet Orange, as well as those of the 
Bitter Orange, by distillation with water, yield a volatile oil, which is 
called Oil of Orange-lea) or Essence de petit grain ; that obtained from the 
Bitter Orange is considered to be of the finest quality. A similar oil may 
be also distilled from orange-berries. From the rind of the ripe fruit a fra- 
grant oil is procured, which is known as Essence de Portugal or Essential 
Oil of Sweet Orange. The flowers of this species, as well as those of the 
Bitter Orange, yield Oil of Neroli ; that from the latter is preferred. The 
distilled water of the flowers of these two species, after the oil is re- 
moved, constitutes the Aqua Naphte or Orange-flower Water of com- 
merce. It is to the presence of Oil of Neroli that the odour of Eau de 
Cologne is more particularl y due. The rind of the Sweet Orange is an 
aromatic stimulant and tonic; its juice is also very extensively used as a 
refreshing and agreeable beverage at table, and also medicinally as a refri- 
gerant. — Citrus Bigaradia of Risso or Citrus vu'garis, is the Bitter oi 
Seville Orange. The leaves, flowers, and unripe fruits of this species yield 
by distillation, or otherwise, similar essential oils to those obtained from 
analogous parts of the Sweet Orange. (See above.) Orange-flower Water 
is generally prepared from the flowers of the Bitter Orange, as it is con- 
sidered more fragrant than that obtained from the Sweet Orange. The un- 
ripe fruits (as already noticed), like th >se of the Sweet Orange, are called 
Orange-berries , and are ised like them for making issue peas , and for 
flavouring Curayoa. The rind of the ripe fruit yields a volatile oil, called 
Essential Oil of Bitter Orange or Essence de Bigarade. The chief use of the 
Bitter Orange is in the making of marmalade. The rind is also employed 
in medicine as a tonic and stomachic, and is more valuable in these respects 
than that of the Sweet Orange. It is likewise used for flavouring Cura^oa 
and other substances ; and in the preparation of candied orange-peel. — Citrus 
Eimonum of De Candolle is the Lemon tree. Of the fruit we have several 
varieties ; the more imp >rtant of which are, — the Wax Lemon, the 
Imperial Lemon, and the Gaeta Lemon ; they are chiefly imported from 
Sicily and Spain, the latter being the most esteemed. Both the rind and 
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the juice are emp loved in medicine, and for other purposes ; the former as a 
stomachic and carminative, and for flavouring ; the latter as an agreeable 
and refreshing beverage, and also for its refrigerant and antiscorbutic 
effects. The juice contains a large quantity of citric acid. Candied Lemon- 
peel is employed in confectionery, and as a dessert. The concentrated juice 
of Lemons, as well as that of the Lime, is imported in enormous quantities, 
and u^ed in the preparation of citric acid. The rind contains a large quan- 
tify of essential oil, which is generally obtained from it by expression by 
what is termed the sponge or ecuelle process, or sometimes by distillation ; it 
is commonly known as Essential Oil or Essence of Lemon. The best is ob- 
tained by the first process, and it is distinguished as Essence de Citron an 
zeste , the latter being termed Essence de Citron di stilt ce. 1 his oil is princi- 
pally used as a flavouring agent in confectionery, and in medicine, and also 
in perfumery. — Citrus Limetta or C. Bergamia is the source of the Lime 
fruit. This is sometimes imported into this country in a preserved state, 
and in that condition it forms a most agreeable dessert. Its juice is abo 
imported and largely emp'oyed with that of Lemons in the preparation of 
citric acid, as already noticed. The Bergamot Orange is obtained from C. 
Bergamia var. vulgaris of Itisso. From the full-grown, but still unripe and 
greenish fruits of this variety, either by expression or distillation, the essen- 
tial oil, calk'd Oil or Essence of Bergamot . which is largely used in per- 
fumery, is obtained. — Citrus medica. — The fruit of this is the Citn n, or the 
Cedrat of the French. This is supposed to he the Hebrew Tappuaeh, which 
is translated in our version of the Old Testament as Apple-tree and Apples. 
The rind of this fruit is commonly imported into lliis country in a pre- 
served state, and is used in confectionery. Its pulp is less acid and juicy 
than the Lemon, but it may be employed, as well as that of the Lime, for 
similar purpose®. Essence or Essential Oil of Cedrat is obtained from the 
nearly ripe fruit by the sponge or ecuelle process. It is chiefly used in 
perfumery. The Citron, Lime, and Lemon are distinguished from Oranges 
by ha\ in*g a more closely adherent rind, by their more lengthened form, and 
by the possession of a more or less prominent protuberance at their apex. 
Besides the above fruits obtained from the genus Citrus, we have also the 
Shaddock, from C. decvmana ; and the Kurnquat of China, from C.japomcn. 
The Forbidden Fruit and the Pompelmoose also, both of which, as sold in 
the London markets, are varieties of the Shaddock, the former being the 
smallest fruits, and the latter those of the largest size. 

Coohia punctata. — This plant produces the Wampee-fruit, which is much 
esteemed in the islands of the Indian Archipelago, and in China. 

Feionia elephantum. — This is a large tree, a native of India. A kind of 
gum exudes from its stem, which closely resembles Cum Arabic. The 
young leaves have an Anise-like odour, and are used by the native practi- 
tioners of India for their stomachic and carminative effects. The unripe 
fruit is said to resemble that of Indian Bael in its properties, and has been 
substituted for it in this country ; the ripe fruit is stated to be antiscorbutic. 
This fruit is commonly known under the name of the Elephant or Wood- 
apple. 

'' Murraya ( Bergera ) Konigii. — The bark, root, and leaves of this plant are 
employed by the native practitioners in India for their tonic and stomachic 
properties. 

Natural Order 51 . Vitace^e or Ampelii>ace,e. — T he Vine 
Order. — Character. — Usually climbing shrubs {fig. 223 ) with 
a watery juice, the joints swollen and separable from each other. 
Leaves simple {Jig. 223 ) or compound, opposite below, alternate 
above, stipulate or exstipulate. Flowers regular, small, green, 
stalked {Jig. 421 ) ; peduncles sometimes cirrhose. Calyx minute, 
with the limb generally wanting. Petals 4 or 5 , sometimes 
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united at the base ; aestivation induplicate ; inserted on a disk 
which surrounds the ovary, caducous, stamens corresponding 
in number to the petals and opposite to them, also inserted on 
the disk (fig. 513) ; filaments distinct or somewhat united at 
the base ; anthers versatile, bursting longitudinally (fig. 513). 
Ovary superior, 2 — 6-celled, usually 2 ; style very short, simple ; 
stigma simple (fig. 513). Fruit succulent (fig. 712), sometimes 
termed a nuculanium, usually 2-celled. Seeds erect, few, usually 
2 in each cell ; testa bony ; albumen hard ; embryo erect, with an 
inferior radicle. 

Diagnosis. — Shrubby plants, with simple or compound leaves, 
which are opposite below and alternate above. Flowers small, 
green, regular. Petals and stamens corresponding in number, 
4 or 5, the latter opposite to the petals, both inserted on a 
hypogynous disk ; estivation of petals induplicate ; anthers 
versatile, opening longitudinally. Ovary superior, with a very 
short simple style and stigma ; placentas axile. Fruit a nucu- 
lanium. Seeds few ; testa bony ; embryo erect in horny albumen ; 
radicle inferior. 

Distribution , Examples, and Numbers. — The plants of this 
order are found in warm and tropical regions of the globe. None 
are natives of Europe. The common Grape Vine, which is now 
completely naturalised in the South of Europe, and is cultivated 
nearly all over the globe where the temperature does not rise 
too high or fall too low, is supposed to be a native of the shores 
of the Caspian. Examples of the Genera : — Cissus, Vitis, Ampe- 
lopsis. There are about 250 species. 

Properties and Uses. — The leaves, stems, and unripe fruits, 
especially the latter, of the plants of this order abound more or 
less in an acid juice, the acidity being chiefly due to the presence 
of tartaric and malic acids, and acid tartrate of potash. As the 
fruit ripens, it generally loses its acidity, and becomes sweet, 
owing to the formation of Glucose or Grape Sugar. 

Amjnlopsis hederarea, Virginian Creeper. — The juice of the leaves and 
other parts is said to possess poisonous properties. 

Cissus . — The leaves and fruits of some species, as C. setosa, C. cordnta , 
&c., are acrid. A blue dye is obtained in .Brazil from the leaves and fruit 
of C. tinctoria. 

Vitis v ivifera . — This very valuable plant, which is commonly known as 
the Grape Vine, has followed the steps of man into almost every region of 
the globe where the climate is at all adapted to its growth. The varieties 
of the Vine are exceedingly numerous, being more than 1100. The fruits, 
under the name of Grapes , are too well known to need any particular 
description. They have been in use for more than 4,000 years for the 
making of wine, vinegar, brandy, and other fermented liquors. Grapes 
possess refrigerant properties, and are hence useful in febrile and inflamma- 
tory affections. Grapes when dried are called raisins, which are largely 
used at dessert and for culinary purposes. Of raisins we have several 
commercial varieties, the more important of which are Yalentias, Muscatels, 
and Sultanas. The Muscatels or Raisins of the Sun, are considered the 
fiuest. The Sultanas are remarkable for the absence of seeds. Raisins 
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possess demulcent and slightly refrigerant properties, but they are princi- 
pally employed in medicine for flavouring purposes. Besides the above kinds, 
there is also a small seedless variety of raisin, commonly known under the 
name of Currants. This name is a corruption of Corinth, where they were 
originally grown, but they are now chiefly obtained from Zante and the other 
Ionian Islands. The leaves and tendrils of the Vine are astringent, and 
have been used in diarrhoea ; and the sap has been employed in France in 
chronic ophthalmia. — Vi tin vulpina , V. Lubrusca , and other species or 
varieties, which grow wild in North America, yield fruits which are known 
as the Muscadine and Fox-grapes. These are similar, although very 
inferior in their properties, to tho&e of the common Grape. 

Natural Order 52. Pittosporacea;. — T he Pittosporum Order. 
— Diagnosis. — Trees or shrubs , with simple alternate exstipulate 
leaves. Flowers regular. Sepals and petals 4 or 5, hypogynous, 
imbricate, deciduous. Stamens 5, hypogynous, alternate with 
the petals ; anthers 2-celled. Ovary superior ; style single ; stig- 
mas equal in number to the placentas, which are 2 or more, and 
either axil e or parietal ; ovules anatropoua, horizontal or ascend- 
ing. Fruit baccate or a loculicidal capsule. Seeds numerous, 
with a minute embryo in copious fleshy albumen. 

Distribution , Examples, and Numbers. — They are chiefly Aus- 
tralian plants ; but are occasionally found in Africa and some 
other parts of the globe. None, however, occur in Europe or 
America. Examples of the Genera : — Pittosporum, Cheiranthera. 
The order includes about 80 species. 

Properties and Uses. — These plants are chiefly remarkable 
for their resinous properties. Some have edible fruits, as certain 
species of Billardiera. A few are cultivated in this country on 
account of their flowers, as Sollya , Billardiera , etc. 

Natural Order 53. Canellace^e. — T he Canella Order. 

Diagnosis. — By some authors the genus Canella is placed in 
Clusiacem, by others in Meliacea*. This order is, however, at 
once distinguished from the Clusiaceae , by its general appearance ; 
alternate leaves ; longitudinal dehiscence of anthers ; absence 
of disk ; presence of a style ; and albuminous seeds : and from 
the Meliacese , by its unsymmetrical flowers ; twisted aestivation 
of petals ; absence of disk ; and horny albumen. 

Distribution , Examples , and Numbers. — This order contains 
3 species. They are natives of the West Indies and continent of 
America. 

Properties and Uses. — These plants have aromatic, stimulant, 
and tonic properties. 

Canella alba. The Laurel-leaved Canella or Wild Cinnamon. — The inner 
bark of this plant is the official Canella of the British Pharmacopoeia. It 
has been confounded, as already noticed, with Winter’s Bark, aud hence 
has been called Spurious Winter's Bark. (See Drimys .) In its properties 
it is a warm aromatic stimulant and tonic. In America it has been 
employed as an antiscorbutic. In the West Indies, and in some parts of 
Europe, it is used as a spice. It ha^ an odour intermediate between cloves 
and cinnamon. By distillation it yields a volatile oil, which is said to be 
sometimes mixed with, or substituted lor, Oil of Cloves. 
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Cinnamodendron. — C. axillnre , a Dative of Brazil, and C . corti cosum , a 
native ot Jamaica, &c., have aromatic barks, which possess similar pro- 
perties to the bark of Canella alba — C. corticosum yields the so-called 
Winter’s Bark, as now commonly found in commerce. (See Drimys.) 

Natural Order 54. Brexiace^e. — T he Brexia Order. — Dia- 
gnosis. — Trees , with coriaceous alternate simple leaves, and small 
deciduous stipules. Flowers green, in axillary umbels. Calyx 
5-parted, persistent, imbricate. Petals 5, hypogynous, twisted. 
Stamens hypogynous, equal in number to the petals and alter- 
nate with them, arising from a toothed disk ; anthers 2-celled, 
with longitudinal dehiscence. Ovary superior, 5-celled ; ovules 
numerous; 'placentas axile ; style 1. Fruit drupaceous, 5- 
cornered, 5-celled, rough. Seeds numerous, horizontal, smooth ; 
embryo straight ; albumen fleshy. 

Distribution, Examples , and Numbers. — Principally natives of 
Madagascar. E.camples of the Genera: — Brexia, Argophyllum. 
There are 6 species, according to Lindley. 

Properties and Uses. — Altogether unknown. 

Natural Order 55. Olacai’E^e. — T he Olax Order. — Diagnosis. 
— Trees or shrubs , with alternate simple entire exstipulate leaves. 
Flowers small, regular, axillary. Calyx minute, monosepalous, 
generally enlarging so as to cover the fruit ; activation imbricate. 
Petals hypogynous, valvate in .^estivation. Stamens definite, 
partly sterile and partly fertile ; the latter opposite to the petals, 
inserted upon or outside of a conspicuous disk ; anthers 2-celled, 
bursting longitudinally. Ovary free, often imbedded in the disk ; 
ovules pendulous from a free central placenta. Fruit drupaceous. 
Seed without integuments, solitary, pendulous ; embryo minute ; 
albumen fleshy. 

Distribution , Examples , and Numbers.— Natives of tropical or 
sub-tropical regions. Examples of the Genera : — Olax, Liriosma. 
The number of species is doubtful. 

Properties and Uses. — Some liave fragrant flowers. The 
fruit of Ximenia americana is eaten in Senegal. The leaves of 
Olax zeylanica are used by the Cingalese in their curries, Ac. , 
and the wood in putrid fevers. The wood of Heist eria coccinea 
is considered by some to furnish the Partridge-wood of cabinet- 
makers. (See Gucttarda.) 

Natural Order 5G. Icacikace je . — The Icacina Order. — Dia- 
gnosis. — This is an order of plants consisting of evergreen trees 
and shrubs, and formerly included in the order Olacacese ; but, 
as shown by Miers, they are clearly distinguished from that 
order, as follows : — 4 They differ most essentially in the calyx 
being always small, persistent, and unchanged, and never in- 
creasing with the growth of the fruit ; the stamens being always 
alternate with the petals, not opposite ; the petals and stamens 
are never fixed on the margin of the conspicuous cup-shaped 
disk ; the ovary is normally plurilocular with axile placentation, 
and when unilocular, this happens only from the abortion of the 
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other cells, the traces of which are always discernible, never 
completely unilocular at the summit, and plurilocular at base, 
with free central placentation. In Icacinaceae the ambles are 
suspended below the summit of the cell in pairs superimposed 
by cup-shaped podosperms ; only one of these becomes per- 
fected, and the seed is furnished with the usual integuments.’ 

Distribution , Examples, and Numbers. — ‘They are natives of 
tropical or sub- tropical countries ; chiefly the East Indies, Africa, 
and South America, a single species being found each in New 
Holland, Norfolk Island, and New Zealand.’ Examples of the 
Genera: — Icacina, Sarcostigma. There are about 70 species. 

Properties and Uses. — Unknown. 

Natural Order 57. Cyrillaceas.— The Cyrilla Order. — Dia- 
gnosis . — Evergreen shrubs, with alternate exstipulate leaves, 
nearly related to Olacacese , but chiefly distinguished by their 
imbricate petals, which are altogether free from any hairiness on 
their inside ; and by the stamens being all fertile, and, if equal 
in number to the petals, alternate with them. 

Distribution , Examples, and Numbers. — They are all natives 
of North or Tropical America. Examples of the Genera : — Cyrilla, 
Mylocaryum. — There are 6 species. 

Properties and Uses . — Unknown. 

Natural Order 58. Humiriace/E. — T he Humirium Order. — 
Diagnosis. — Trees or shrubs with a balsamic juice. Leaves alter- 
nate, simple, coriaceous, exstipulate. Calyx 5-parted, imbricate. 
Petals 5, imbricate. Stamens hypogynous, 20 or more, monadel- 
phous ; anthers 2-eelled ; connective elongated beyond the anther- 
lobes. Ovary superior, usually surrounded by a disk, 5-celled ; 
ovules 1 or 2 in each cell, suspended; style simple; stigma 5- 
lobed. Fruit drupaceous, 5-celled, or fewer-celled by abortion. 
Seed with a narrow embryo lying in fleshy albumen, orthotropous. 

Distribution , Examples , and Numbers. — Natives of tropical 
America. Examples of the Genera: — Humirium, V antanea. 
There are 18 species. 

Properties and Uses . — A balsamic yellow oily liquid, called 
Balsam of Umiri, is obtained from the incised stem of Humirium 
floribundum ; this is reputed to resemblo Copaiba in its proper- 
ties. The bark is used by the Brazilians as a perfume. Other 
species are also said to yield useful balsamic liquids. The so-called 
balsamic liquid found in plants of this order is probably not a 
true balsam, but an oleo-resin resembling Wood Oil and Copaiba. 

Natural Order 59. Rutaceje. — T he Rue Order. — Character. 
Trees , shrubs , or rarely herbs. Leaves exstipulate, opposite or 
alternate, simple or pinnated, dotted. Flowers perfect (fig. 
573), regular or irregular. Calyx having 4— 5 segments (Jigs. 
573 and 606), imbricate. Petals equal in number to the 
divisions of the calyx ( figs. 573 and 606) or wanting, rarely 
combined so as to form a monopetalous corolla ; aestivation 
usually twisted, rarely valvate. Stamens equal in number, or 
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Fig. 9! 8. 



twice (Jigs. 573 and 606) or thrice as many as the petals, or 
rarely fewer by abortion, inserted on the outside of a cup- 
shaped hypogynous disk (Jig. 573). Ovary sessile 
(Jig. 606) or supported on a stalk ( Jig. 619, g) ; it is 
composed of from 2 to 5 carpels, which are either 
distinct, or united so as to form a compound ovary 
having as many cells as there are component carpels ; 
style simple (Jig. 606) or divided towards the base ; 
ovules 2, 4, or rarely more, in each cell. Fruit capsular, 
its carpels either united or more or less distinct. Seeds 
solitary or in pairs ; albumen present or absent ; radicle 
superior (Jig. 918). Fiq. 918. Ver- 

IHagnosis. — Leaves exstipulate, dotted. Flowers 0 f The 
perfect. Calyx and corolla with a quaternary or PW i of the 
quinary distribution of their parts ; the former with ™ “ 

an imbricate festivation, the latter twisted or valvate, 0 hn'). 
and sometimes wanting. Stamens equal in number, 
or twice or thrice as many as the petals, or fewer, inserted on 
the outside of a hypogynous disk. Ovary of from 2 — 5 carpels, 
separate or combined, either sessile or elevated upon a stalk ; 
ovules sessile. Fruit capsular. Embryo with a superior radicle. 
Albumen present or absent. 

Division of the Order , and Examples of the Genera. — The 
Rutaceae have been divided as follows : — 


Sub-order 1. Ruteve. — Seeds containing albumen. Fruit with 
the mesocarp and endocarp combined. Example : — Iluta. 
Sub-order 2. JHosmetv. — Seeds ex albuminous. Fruit having the 
mesocarp separate from the endocarp when ripe. Example : — 
Barosma. 


These sub-orders are by no means well established. As already 
noticed, the order Aurantiacem is sometimes regarded as a tribe 
of the Rutacete. 

Distribution and Numbers. — The Rutea? are found chiefly in 
the southern part of the temperate zone ; the genera Diosma , 
Barosvria , &c. , abound at the Cape of Good Hope ; other genera 
are found in Australia ; and some in equinoctial America. 
There are about 400 species. 

Froperties and Uses. — The plants of this order are generally 
characterised by a po verful penetrating odour, and bitter taste. 
In medicine they are employed as antispasmodics, tonics, febri- 
fuges, diuretics, &c. 

Bciro8ma . — The leaves of several species, which are commonly known as 
Buchu leaves , are used in medicine for their aromatic, stimulant, anti- 
spasmedic, and diuretic properties ; they seem also to have a specific 
influence over the urinary organs. The plants yielding them are natives of 
the Cape of Good Hope. They owe their properties essentially to a power- 
fully scented volatile oil. They also contain abundance of mucilage , and, 
according to Landerer, a peculiar bitter principle called barosmin or diosmin . 
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The official species of the British Pharmacopoeia are B. betulina , B.crenulata , 
and B. serrati [folia. 

Correa alba , and other species. — The leaves are sometimes employed as a 
substitute for tea in Australia. 

Dictamnus Fraxinella. False Dittany. — The root was formerly much 
used in medicine, and reputed to possess nromatic tonic, diuretic, anti- 
spaMuodic, and emmenagogue properties, but it is now rarely or ever 
employed. The plant contains such a large amount of volatile oil as to 
render, it is said, the atmosphere around it inflammable in hot weather ; 
we have, however, never found this to be the case. 

Kvodia glauca. — The bark is extensively used by the Japanese, both 
medicinally and for dyeing purposes. 

Esenbtckia febrifuga , a native of South America, has a febrifugal bark, 
which is used m Brazil as a substitute for Peruvian Baric. It is said by 
Mai sell to be sometimes substituted for the official Angustura Bark in the 
United States, and has also been met with in France. 

Galipea Cusparia. — This species is the source of the official Cusparia or 
Angustura Bark. This bark is imported directly or indirectly from South 
America. It is used in medicine as a stimulant tonic and febrifuge, in 
small doses ; while in large doses, it is somewhat emetic and purgative. It 
has fallen into disrepute on the Continent, in consequence of the substitu- 
tion for it formerly of a very poisonous bark obtained from & 'trychno* Nux- 
votnica. At one time the substitution was so common that the importation of 
Angustura Bark into Austria was prohibited, and the whole of it then found 
in that empire was ordered to be destroyed. At the present time such a 
substi ution is never met with, although it occurred in Dublin about thirty 
3 ^ears ago. 

Pilocarpus pennat if blius. — The leaves and young shoots of this plant, 
which is a native of Brazil, appear to be the principal source of the drug 
known under the name of Jaborandi. This is an energetic diaphoretic and 
sialagogue, which has recently been introduced into this country, and its 
practical value as a remedial agent is now undergoing investigation. — 
P. Selloanus, an allied species or variety of the above, is also stated to 
afford Jaborandi. This name Jaborandi is likewise applied in South America 
to several other plants of very different affinities. A species of pepper, 
Piper Jaborandi, is especially so designated. 

Ruta. — R. graveolens. Common line. — This plant, which is a native of 
Europe, has a very powerful disgreeable peculiar odour, which it owes to 
the presence of a volatile oil, which is official. Its taste is bitter and 
nauseous. It is used in medicine as an antispasmodic, anthelmintic, 
emmenagogue, stimulant, and carminative. It has been regarded for ages 
as most beneficial in warding off contagion, and to keep off noxious insects. 
This plant is said to be the Peganon of the New Testament (Luke xi. 42). 
— Ruta montana possesses very acrid properties ; so much so, indeed, us to 
blister the hands of those who gather it. 

Ticvrea febrifuga, a native of South America, has a febrifugal bark, 
which is used in some districts as a substitute for Peruvian Bark. 

Natural Order 60. Xanthoxylace^e. — T he Prickly Ash 
Order. — Diagnosis . — The plants of this order are trees or shrubs, 
resembling, in almost all their characters, the Rutaceae, with 
which they were formerly united. The only good character, in- 
deed, by which the Xanthoxylaceae may be distinguished from 
the Rutaceaj, is in their having constantly polygamous flowers. 
Th e fruit of Xantrhoxylaceee is also sometimes baccate and inde- 
hiscent, instead of being universally capsular ; and the seeds are 
always albuminous, in place of being sometimes albuminous 
and at other times exalbuminous, as is the case in the Rutacete. 
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Distribution , Examples, and Numbers. — These plants are found 
both in temperate and tropical regions of the globe ; they are, 
however, most abundant in the tropics, and especially so in tro- 
pical America. Examples of the Genera: — Xanthoxylon, Tod- 
dalia, Ptelea. There are about 110 species included in this 
order. 

Properties and Uses. — These plants are almost universally cha- 
racterised by pungent and aromatic properties, and sometimes by 
bitterness. In medicine, they have been employed as stimulants, 
sudorifics, febrifuges, tonics, sialagogues, and emmenagogues. 

Ptelea. — The root-bark is much employed by the eclectic practitioners in 
the United States of America as a tonic in remittent and intermittent 
fevers, 'the fruit is very bitter and aromatic, and has been used as a 
substitute for Hops while the young green shoots are reputed to possess 
anthelmintic properties. 

Toddalia acvleata . — The bark of the root is official in the Pharmacopoeia 
of India. It possesses aromatic tonic, .stimulant, and antiperiodic properties, 
and was formerly known in Europe under the name of Lopez root, and used 
as a remedy in diarrhoea. 

Xanthoxylon ( Zanthoi ylvm '). — The species of this genus possess in a 
remarkable decree pungent and aromatic pr perties ; hence they are popu- 
larly termed Peppers in their native countries. In America they are 
commonly known, from their prickly bark, under the name of Prickly Adi. 
The fruit" of X. piperitum is employed bv the Chinese and Japanese as a 
condiment, and as an antidote ngainsf all poisons. It is generally termed 
in commerce, Japanese Pipper. The aromatic pungent properties appear to 
be confined to the pericarp. — A' alaturn yields an analogous pepper to the 
above, and Stenhouse lias described two peculiar principles which be obtained 
from it, \iz. an oil and a stearopten ; the former is a pure hydrocarbon, to 
■which the arom alio odour of the pepper is due and to which he has given 
the name of Xanthoxylene: the latter is a crystalline solid body consisting 
of carbon, oxygen, and hydrogen, but devoid of nitrogen when pure, and 
which he has called X anthorylin. It is probable that it also contains a 
resinous substance, to which its pungency is due. The fruits of A", hastile 
and X. Bvdrunya have similar properties. The seeds and fruit of the 
former are sometimes employed in India for the purpose of stupefying fish. 
The seeds of A". Bndmnga are aromatic and fragrant, like Lemon peel ; 
and the unripe fruit and seeds of AT. BheUa have a laste like that of orange- 
peel. The root of X. nitidum is used as a sudorific, stimulant, febrifuge, 
and emmenagr.gue by the riiine'-e. The bark of X. fraxmevm is official in 
the United States Pharmacopeia under the name of Prickly Ash Bark. It 
is chiefly used as a remedy in chronic rheumatism. It is abo a popular 
remedy as a mawSticatory in toothache ; hence the plant is also known 
under the name of the Toothache Shrub. The bark eon fains berberine. The 
barks of other species, as those of A". Clava-Herculis, Linn., and of X. caro~ 
Unianum of Lamarck, pos ess somewhat similar properties to the bark of X. 
fraxinevm. 

Natural Order G1. Ochnaoeje. — T he Ochna Order. — 
Character. — Undershrubs or smooth trees , with a watery juice. 
Leaves simple, stipulate, alternate. Pedicels jointed in the 
middle. Sepals 5, persistent, imbricate. Petals hypogynous, 
definite, sometimes twice as many as the sepals, deciduous, 
imbricate. Stamens equal in number to the sepals and opposite 
to them, or twice as many, or more numerous ; filaments persis- 
tent, inserted on a hypogynous disk ; anthers 2-celled, with 
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longitudinal or porous dehiscence. Carpels corresponding in 
number to the petals, inserted on a large fleshy disk, which be- 
comes larger as the carpels grow ; ovules 1 in each carpel, erect 
or pendulous. Fruit consisting of several indehiscent, somewhat 
drupaceous, 1-seeded carpels. Seed exalbuminous or nearly so ; 
embryo straight ; radicle towards the hilum. 

Distribution, Examples, and Numbers — Natives chiefly of the 
tropical parts of India, Africa, and America. Examples of the 
Genera: — Oomphia, Ochna. There are about 80 species. 

Properties and Uses. — The plants are generally remarkable 
for their bitterness. Some have been employed as tonics and 
astringents; others, as Gomphia parvi flora, yield oil, which is 
used in Brazil for salads. In their properties generally, the 
Ochnacem much resemble the Simarubacem. 

Natural Order 02. Coriaria< , e^c. — T he Coriaria Order. — 
Diagnosis. — This name is given to an order which includes but 
1 genus, and 8 species. Its affinities are by no means understood ; 
but it appears to be most nearly related to Ochnaceee, with which 
it agrees in having its carpels distinct, and placed on an enlarged 
disk ; but it is distinguished from that order by its opposite 
leaves ; sometimes polygamous flowers ; persistent fleshy petals ; 
absence of style ; and long linear distinct stigmas. 

Distribution . — Natives of the South of Europe, Chili, Peru, 
New Zealand, and Nepaul. 

Properties and Uses. — The plants of this order are generally 
to be regarded with suspicion, as they have sometimes produced 
poisonous effects. The fruits of some, however, are edible, as 
Coriaria nepalensis, a native of the North of India, and those of 
C. sarmentosa, a native of New Zealand ; in the latter case the 
pericarp is alone eaten, the seeds being poisonous. The fruits 
of C. myrtifolia and C. ruscifolia are very poisonous ; these 
plants have been employed by dyers in the production of a black 
dye. The leaves of the former species have been also used on 
the Continent to adulterate Senna ; this is a most serious adulte- 
ration, as these leaves are poisonous. They owe their poisonous 
properties to a glucoside called coria-myrtine. They may be at 
once distinguished from Senna leaflets by their two sides being 
equal and symmetrical at the base, those of Senna being unequal. 
Chemically they are also known from Senna by their infusion 
producing a very abundant blue precipitate on the addition of 
persulphate of iron. 

Natural Order 63. Simarubace^. — The Quassia or Simaruba 
Order. — Character. — Shrubs or trees. Leaves without dots, 
alternate, compound or sometimes simple, exstipulate. Flowers 
regular and symmetrical, axillary or terminal, perfect or uni- 
sexual by abortion. Calyx imbricate, in 4 or 5 divisions. Petals 
equal in number to the divisions of the calyx, with an imbricated 
aestivation, sometimes united into a tube. Stamens twice as 
many as the petals, each inserted on a hypogynous scale ; anthers 
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with longitudinal dehiscence. Ovary stalked, 4 or 5-lobed. 4 or 
5-celled, each cell with 1 suspended ovule ; style simple ; stigma 
with as many lobes as there are cells to the ovary. Fruit of 4 or 5 
indehiscent, 1-seeded, drupaceous carpels, arranged around a com- 
mon axis. Seed pendulous, with a membranous integument, ex- 
albuminous ; radicle superior, retracted within thick cotyledons. 

Distribution, Examples , and Numbers. — With the exception of 
one plant, which is a native of Nepaul, they are all found in the 
tropical parts of India, America, and Africa. Examples of the Ge- 
nera : — Quassia, Simaruba, Ailanthus. There are about 50 species. 

Properties and Uses. — A bitter principle is the most remark- 
able characteristic of the order ; hence many of them are tonic 
and febrifugal. 

Ailanthus. — The bark of A. exeeha is regarded in India as a tonic and 
febrifuge. It may be used as a substitute for Quassia. The bark of A. 
malaharica , when incised, yields an aromatic gum-resinous substance, which 
is employed in dysentery, and as incense in the East Indies. The leaves of 
A. ylandulosa are the favourite food of the silk moth ( Bombyx Cynthia'). 
The root is largely used in China as a remedy in dysentery. 

Brucea quassioides , a native of the Himalayas, has a very bitter root, 
which forms a good substitute for Quassia. 

Irvingia. — I. Barteri , a native of the Western Coast of Africa, has edible 
seeds, from which a kind of food, called Dika or Udika bread, is prepared. 
The fruits of species of Irvingia are edible, and are termed Wild Mangoes in 
tropical Africa. 

Picrseua txcelsa yields our official Quassia Wood. (See Quassia.) It 
is much used as a tonic, febrifuge, and stomachic, and also possesses an- 
thelmintic properties. An infusion of Quassia sweetened with sugar acts 
os a powerful narcotic poison on Hies and other insects; hence it is used 
as a flv-poison. Like other pure bitters, its infusion may be also employed 
to presei ve animal matters from decay. It is largely used by brewers as a 
substitute for hops. It owes its active properties chiefly to the presence of 
an intensely bitter crystalline substance, called Qnassin. In Jamaica this 
plart U known under the name of Bitter Ash or Bitter Wood. The wood 
was much used a few years since in the manufacture of small goblets, 
which were sold under the name of bitter cups. 

Quassia amara. — The wood is intensely bitter. It is a native of Surinam 
&e., and was formerly much used as a febrifuge and tonic ; the flowers are 
also stomachic. It is the original Quassia of the shops, but it is no longer 
imported into this country ; that now sold under the name of Quassia 
being derived from Picrwva excelsa , a native of Jamaica &c. : hence the 
latter may be called Jamaica Quassia, and the former Surinam Quassia. 
It is, however, still official in some of the Continental pharmacopoeias. (See 
Picrwna.) 

Samadera indica. — Tlw bark is used in some parts of India as a febri- 
fuge ; the oil from the seeds is largely employed in rheumatism ; and the 
leaves externally in erysipelas. Both bark and seeds contain a principle, 
which has been termed samaderin. 

Simaba Cedron. — The seeds are highly esteemed throughout Central 
America, where they are employed for their febrifugal properties, and are 
thought to be a specific against the bites of venomous snakes and other 
noxious animals. They have been used in this country for the latter purpose, 
but without any sensible effect. The active principle has been named 
cedrin. 

Simaruba ( Simarouba ) amara is a native of Northern Brazil and Guiana, 
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and some of the West Indian islands. In Jamaica and the West Indies 
generally its place is taken by the closely allied species 8. ylavca , which is 
known under the name of Mountain Damson. This latter plant has often 
been confounded with S. nmara. The bark of the root of 8. amara is 
official in the United States Pharmacopoeia. It possesses tonic properties, 
and has been used in diarrhoea, dysentery, &c. It contains Quassin, the 
same principle which has been found in Quassia wood. 

Natural Order 64. Zyoophyllaoe^e.— T he Bean-Caper or 
Guaiacum Order. — C haracter. — Herbs , shrubs , or trees. Leaves 
opposite, stipulate, without clots, usually imparipinnate, or 
rarely simple. Flowers perfect, regular, and symmetrical. 
Calyx 4 or 5-parted, convolute. Petals unguiculate, 4 or 5, 
imbricate in aestivation, hypogynous. Stamens 8 — 10, hypo- 
gynous, usually arising from the back of small scales ; filaments 
dilated at the base. Ovary 4— 5-celled, surrounded by glands 
or a toothed disk ; style simple ; ovules 2 or n^ore in each cell 
( figs. 654 and 655), pendulous or rarely erect ; placentas axile. 
Fruit capsular, dehiscing in a loculicidal manner, or separating 
into cocci, 4 or 5-celled, and presenting externally as many 
angles or winged expansions as cells ; rarely indehiscent. Seeds 
few, albuminous except in Tribnlus and Kallstromia ; embryo 
green ; radicle superior ; cotyledons foliaceous. 

Diagnosis. — Herbs, shrubs, or trees, with opposite stipulate 
dotless leaves. Calyx and corolla with a quaternary or 
quinary distribution ; the former convolute in tcsti ration, the 
latter with unguiculate petals and imbricate. Stamens 8—10, 
hypogynous, usually arising from the back of scales. Ovary 
4 — 5-celled ; style simple. Fruit 4 or 5-celled. Seeds few, 
with little or no albumen ; radicle superior ; cotyledons folia- 
ceous. 

Distribution , Examples, and Numbers. — They are generally 
distributed throughout the warm regions of the globe, but 
chiefly beyond the tropics. Examples of the Genera: — Tribulus, 
Zygophyllum, Guaiacum. There are about 100 species. Meli- 
antliAis is by some botanists separated from the Zygophyllaceoe, 
and taken as the type of a new order, to which the name Meli- 
anthese has been applied. 

Properties and Uses. — Some of the plants are resinous, and 
possess stimulant, alterative, and diaphoretic properties ; others 
are anthelmintic. The wood of the arborescent species is re- 
markable for its hardness and durability. 

Gvaiacnm. — The wood, and the resin obtained from G. officinale are 
official in the British Pharmaco| oeia ; they aie commonly known as Guaia- 
cum Wood, and Guaiacum liesin. The re-in is generally procured by burn- 
ing logs of the wood much incised in the middle, and catching the resin 
as it flows from the central incised portion in a calabash or some other 
suitable vessel placed below it. It also exudes to some extent spon- 
taneously, and especially so when the tree is cut or wounded in any way. 
Both the wood and resin are used as stimulants, diaphoretics, and alteratives, 
chiefly in gout and rheumatism, but also in syphilitic and various cutaneous 
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affections. The wood is known in commerce as Lignum Vitae. It is remark- 
able for its hardness, toughness, and durability, which qualities render it 
very valuable for many purposes. The leaves are also used in the West 
Indies, on account of their detersive qualities, for scouring and whitening 
floors. — G. sanctum has similar medicinal properties to the above, and yields 
an analogous resin. A portion of the resin of commerce and also of the 
wood is obtained from this species. 

Ijarrea mexicana . — This plant is remarkable for having an odour resem- 
bling creasote : hence it is commonly known as the Creasote Plant. The 
Mexicans are said to use an infusion of the leaves for bathing in with good 
effect in rheumatic affections. 

MeUauthvs major . — The flowers of this species contain a large amount of 
saccharine matter, which is used for food by the natives of the Cape of 
Good Hope, where the plant abounds. 

Pe pan urn Harmala . — In India the seeds are reputed to be stimulant, em- 
menagogue, and anthelmintic. In Turkey they are used ns a spice, and aFo 
in the preparation of red dyes ; these dyes are, however, not of a very per- 
manent nature. 

7'ribnlus . — T. terrestris is a prickly plant, which is abundant in dry bar- 
ren places in the East. It is considered to be the Thistle mentioned in Matt, 
vii. 16, and Ileb. vi. 8. The fruit of 7\ lanuginosus is much esteemed in 
Southern India as a diuretic. 

Zygophyllum Fuhago. Bean-Caper. — It derives its common name from 
the circumstance of its flower-buds being used in some parts of the world as 
a substitute for Capers. It is also reputed to possess anthelmintic properties. 

Natural Order 05. Linage^.— The Flax Order. — Charac- 
ter . — Herbs or rarely shrubs. Leaves alternate or opposite, or 

Flu. 919. Fm. 920. Fig. 921. 



Fig. 919. Diagram of the flower of the Flax Plant (Linum usitatimmum). 

Fig. 920. Essential organs of the same, allowing the monadelplious 

stamens surrounding the pistil. Fi</. 921. Pistil of the same, with 

distinct siyles and capitate stigmas. 

rarely verticillate, entire, exstipulate. Flowers regular {fig. 
919), symmetrical, generally very showy. Calyx imbricate, with 
3, 4, or 5 sepals {fig. 919), persistent. Petals 3, 4, or 5 {fig. 
919), unguiculate, very deciduous, twisted m aestivation. 
Stamens 3, 4, or 5, united at the base so as to form a hypo- 
gynous ring {fig. 920), from which proceeds tooth-like processes 

K K 
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(abortive stamens) which alternate with the fertile stamens, and 
are opposite to the petals ; anthers innate (Jig. 920). Ovary 
compound (Jigs. 613 and 919), its cells usually corresponding in 
number to the sepals ; styles 3 — 5 ; stigmas capitate (Jigs. 920 
and 921). Fruit capsular, many-celled, each cell more or less 
perfectly divided into two by a spurious dissepiment proceeding 
from the dorsal suture (Jig. 613, b), and having a single seed 
in each division. Seed with very little or no albumen ; embryo 
straight, with the radicle towards the hilum. 

Diagnosis. — Herbs or very rarely shrubs, with exstipulate 
simple entire leaves. Flowers hypogynous, regular, symme- 
trical. Sepals, petals, and stamens 3 — beach; the sepals per- 
sistent and imbricate ; the petals fugacious and twisted in aesti- 
vation ; and the fertile stamens united at their base, and having 
little tooth-like abortive stamens alternating with them. Ovary 
3 — 5-celled, styles distinct, stigmas capitate. Fruit capsular, 
many-celled, each cell more or less divided by a spurious dis- 
sepiment, and each division containing one seed. Seeds with 
little or no albumen, and having a straight embryo. 

Distribution , Examples, and Numbers. — Chiefly natives of the 
South of Europe and the North of Africa, but more or less 
distributed over most regions of the globe. Examples of the 
Genera : — Linum, Radiola. There are about 90 species. 

Properties and Uses. — The plants of this order are generally 
remarkable for the tenacity of their liber fibres, and also for the 
mucilage and oil contained in their seeds ; hence the latter are 
emollient and demulcent. A few are bitter and purgative. 

IAnum . — The liber-fibres of Linum usitatwimum , when prepared in a 
particular way, constitute Jlax, of which linen fabrics are made. In 1873, 
2,194,000 cwts. of flax were imported into this country. Linen, when scraped, 
forms lint, which is so much used for surgical dressings ; and the short fibres 
of flax which are separated in the course of its preparation, constitute tow, 
which is much employed in pharmacy, surgery, and for other purposes. The 
seeds of this plant, which is commonly known as the Flax Plant, are termed 
Flaxseed, Linseed, or Lintseed. Their seed-coats contain much mucilage, and 
their nucleus oil. The oil may be readily obtained from the seeds by ex- 
pression ; the amount depending upon the quality of the seed, and the mode 
adopted for its expression, and varying from about 20 to 30 per cent. Linseed 
oil is especially remarkable for drying readily when applied to the surface of 
any body exposed to the air, and thus forming a hard transparent varnish. 
This peculiarity is much accelerated if the oil be previously boiled, either 
alone, or with some preparations of lead. The cake left after the expression 
of the oil is known as Oil-cake , and is employed as food for cattle ; and 
when powdered, it is commonly sold as Linseed Meal, which is much used 
for making poultices, and for other purposes. Linseed Meal, however, as 
sometimes sold, is simply Linseed powdered ; hence it contains the oil, 
which is not present in the ordinary and official meal. Linseed Meal which 
contains the oil is to be preferred when in a fresh state. An infusion of 
Linseed is employed medicinally for its demulcent and emollient properties. 
The oil is extensively used in the arts, &c. ; and is found to be a valuable 
application to burnt or scalded parts, either alone, or combined with an 
equal quantity of Lime-water; this mixture is commonly known under 
the name of Carron-oil, a name derived from its having been extensively 
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employed in the Carron Iron-foundry. Some patents were taken out some 
years s nee for the manufacture of what has been called Flax cotton, which 
it was believed could be used in the manufacture of fabrics in the same way 
as ordinary cotton, but the process (which consisted essentially in reducing 
the common flax-fibres to a more minute state of division, by first steeping 
them in a solution of carbonate of soda, and afterwards in a weak acid solu- 
tion) has not answered . — Linum cathartivum , popularly termed Purging 
Flax, is a common indigenous plant. It possesses active purgative proper- 
ties, and might be much more employed as a medicine than is the case at 
present . — Linum seluginoides , a Peruvian species, is reputed to be bitter and 
aperient. 

Natural Order 66. Oxalidace^e. — The Wood-Sorrel Order. — 
Character. — Herbs , or rarely shrubs or frees, generally with an 
acid juice. Leaves alternate or rarely opposite, usually com- 
pound or occasionally simple ; generally with stipules, or rarely 
exstipulate. Flowers regular and symmetrical. Sepals 5 (Jig. 
922), persistent, imbricate, occasionally somewhat united at their 

Fig. 922. Fig. 923. 




Fuj. 922. Diagram of the flower of Oralis. Ftq. 923. Vertical section of 

the flower of the same. Fkj. 924. A ertical section of the seed. 

base. Petals 5 (Jig. 922), hypogynous (Jig. 923), unguiculate, 
rarely wanting ; aestivation twisted. Stamens double the number 
of the petals and sepals (Jig. 922), arranged in two rows alter- 
nating with each other, the inner row longer than the outer 
(Jigs. 545 and 923) and opposite to the petals, commonly some- 
what monadelphous (Jig. 545) ; anthers 2-celled, innate. Ovary 
superior (jig. 923), 3 — 5-celled, with as many distinct styles as 
there are cells ; stigm is capitate or somewhat bifid. Fruit 
usually capsular and 3— 5-cefied, and 5 — 10-valved, occasionally 
drupaceous and indehiscent ; placentas axile (Jig. 923). Seeds 
few ; sometimes provided with a fleshy integument, which bursts 
with elasticity when the fruit is ripe, and expels the seeds ; 
embryo (Jig. 924) straight, in cartilaginous fleshy albumen ; 
radicle long, and turned towards the hilum ; cotyledons flat. 

Diagnosis. — Herbs, or rarely shrubs or trees, usually with 
compound exstipulate leaves. Stems continuous and not sep&r- 

k x 2 
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able at the nodes. Flowers hypogynous, regular, symmetrical. 
Sepals, petals, and stamens with a quinary distribution ; the 
sepals persistent and imbricate ; the petals twisted in aestiva- 
tion ; the stamens commonly somewhat monadelphous, with 
2-oelled innate anthers. Styles filiform, distinct. Fruit 3 — 5- 
celled, without a beak. Seeds few, with abundant albumen, a 
straight embryo, long radicle turned towards the hilum, and flat 
cotyledons. 

Distribution , Examples , and Numbers. — These plants are 
generally distributed throughout both the hot and temperate 
regions of the globe ; the shrubby species are, however, confined 
to the former. They are most abundant at the Cape of Good 
Hope and in tropical America. Examples of the Genera : — 
Oxalis, Averrhoa. There are about 330 species. 

Properties and Uses. — Chiefly remarkable for their acid juice, 
which is due to the presence of binoxalate of potash. They 
usually possess refrigerant properties. The fruits of some are 
eaten by the natives in the East Indies, but they are too acid 
to be generally acceptable to Europeans. 

Averrhoa Bilimbi and A. Caramhola yield acid fruits, known respectively 
under the names of Blimbing and Carambole. They are eaten bv the 
natives m the East Indies, but are too acidulous for Europeans, who never- 
theless use them for pickles. 

Oxahs. — 0. Acetoselln. Common Wood-Sorrel, is a common indigenous 
plant abounding in woods. It has termite leaves, and is considered by 
many to be the true Shamrock, as its leaves open about St. Patrick’s Day. 
When infused in milk or water, it forms a pleasant refrigerant drink m 
fevers. The leaves, taken as a salad, are antiscorbutic. — O. crenata, a plant 
w T hich is called Arracaclm, together with others, as 0. Deppei , 0. esculenta, 
Ac., ha\e edible rubers, which are used as substitutes for potatoes in some 
districts. — O. anthelmintiea , the Mitchamitelio of Abyssinia, has very acrid 
tubers. These are much employed for their anthelmintic properties in that 
country, being frequently preferred to Kousso (Brat/era anlhefmintica ), a 
nlant belonging to the Eosacete, and which is also largely used in Ab} ssinia 
for a similar purpose. (See Bray era anthelmintica .) 


Natural Order G7. Balsaminaceas. — The Balsam Order. — 
Character. — Herbaceous plants with succulent stems and a 
watery juice. Leaves alternate or opposite, simple, exstipulate. 
Flowers hypogynous, very irregular. Sepals 3 (Jig. 789) — 5, 
very irregular, deciduous, with an imbricate aestivation, the 
odd one spurred (Jig. 789). Petals 5 (fig. 789), or more usually 
4, 1 being abortive, distinct or irregularly united, deciduous, 
alternate with the sepals ; aestivation convolute. Stamens 5 
( fig. 789), alternate with the petals, and somewhat united. 
Ovary composed of 5 carpels, united so as to form a 5-celled 
compound body (fig. 789) ; style simple ; stigma more or less 
divided into 5 lobes. Fruit usually capsular, 5-celled, and 
dehiscing in a septifragal manner by 5 elastic valves, which 
become coiled up {fig. 925) ; placentas axile ; sometimes sue- 
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culent and indehiscent. Seeds solitary or numerous, suspended, 
exalbuminous ; embryo straight. 

Diagnosis .* — Succulent herbaceous plants, 
with simple exstipulate leaves. Stems con- Fl(i * 


tinuous and not separable at the nodes. 
Flowers hypogynous, very irregular. Sepals 3 
— 5 ; petals usually 4 ; both irregular and 
deciduous ; Aestivation of sepals imbricate, that 
of the petals convolute. Stamens 5. Ovary 
5-celled ; style simple. Fruit 5-celled, usually 
bursting with elasticity, without a beak. Seeds 
suspended, exalbuminous. This order is by 
some botanists considered only as a tribe of 
the Geraniacese. 

Distribution, Examples, and Numbers . — A 
few are scattered over the globe ; but they 
are chiefly natives of the Indies, growing 



Fig. 925. Capsule of 
Touch-me-not (/m- 


generally m damp shady places and where the pauens noh-mr.tan- 
temperature is moderate. Example of the coiled -up*" valves! VU 
Genera : — Impatiens. There are about 110 


species. 

Properties and Uses .— They are said by De Candolle to be 
diuretic, but their properties are generally unimportant. 

Natural Order 08. Geraniace^:. —The Crane’s-bill Order. — 


Character . — Herbs or shrubs, with articulated swollen joints 


Fig. 926. Fig. 927. Fig. 928. 



Fig. 929. 


Fig. 926. A portion of the flowering stem of Geranium sylvaticum. Fig. 

927. The andioeeium and gynceuimn of the same. Ftg.V'2 8 The pi&til 

partially matured, surrounded by the persistent calyx. Fig. 929. Tiaas- 

vorse section of the seed. 


(nodes). Leaves simple, opposite or alternate, with membranous 
stipules. Sepals 5 (Jig. 920), persistent, more or less unequal ; 
sestivation imbricate. Petals 5 (fig. 926), or rarely 4 from abor- 
tion, unguiculate, hypogynous or perigynous ; aestivation twisted 
(fig. 926). Stamens usually twice (fig. 927) or thrice as many as 
the petals, some are, however, frequently abortive, hypogynous, 
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and generally somewhat monadelphous {fig. 927), the alternate 
ones shorter and occasionally barren. Carpels 5, arranged around 
an elongated axis or carpophore {fig. 928) ; styles corresponding 
in number to the carpels, and adhering to the carpophore. Fruit 
consisting of five 1-seeded carpels, which ultimately separate from 
the carpophore from below upwards by the curling up of the 
styles, which remain adherent at the summit {fig. 035). Seeds 
without albumen ; cotyledons foliaceous, convolute {fig. 929). 

Diagnosis. — Herbs or shrubs, with simple leaves, membranous 
stipules, and articulated swollen joints. Flowers usually sym- 
metrical. Sepals 5, imbricate. Petals twisted in aestivation. 
Stamens generally somewhat monadelphous. Fruit consisting of 
5 carpels attached by means of their styles to an elongated axis 
or carpophore, from which they separate when ripe from below 
upwards by the curling up of the styles. Seeds 1 in each carpel, 
exalbuminous ; embryo convoluted. 

Distribution , Examples , and Numbers. — Some are distributed 
over various parts of the world, but they abound at the Cape 
of Good Hope. Examples of the Genera : — Erodium, Geranium, 
Pelargonium. There are nearly 550 species. 

Properties and Uses . — Astringent, resinous, and aromatic 
qualities are the more important properties of the plants of this 
order. Many are remarkable for the beauty of their flowers. 

Erodium. — The species are reputed to be astringent. — E. moschatum is 
remarkable for its musky odour. 

Geranium. — The root of G. macnlatvm is a powerful astringent, for which 
reason it is much used in North America, where it is called Alum-root. It 
is official in the Pharmacopeia of the United States. It contains much 
tannic acid, and forms a good substitute for kino and catechu. — G.parvi- 
fiorvm produces edible tubercular roots, which are knowni in Van Diemen’s 
Land under the name of Native Carrots. 

Pelargonium. — The species of this genus are favourite objects of culture 
by the gardener on account of the beauty of their flowers. They are chiefly 
natives of the Cape of Good Hope, but the species have been much improved 
by cultivation. They are commonly, but improperly, called Geraniums. In 
their properties they are generally astringent, but the fresh tubercular roots 
of P. triate are eaten at the Cape of Good Hope. From the leaves and 
flowers of Pelargonium, roseum. P. odora1issimvm % and P. Radula . and 
probably other species or varieties of Pelargonium , essential oils may be ob- 
tained by distillation w ith water. The latter species yields the true German 
Geranium oil or oil of Rose-leaved Geranium, as well as the French Gera- 
nium or ‘Palma-rosae’ oil ; and the two first-named species yield the so- 
called Algerian Rose oil. Both these oils, but especially the former, are 
used in perfumery. These true essential oils of Geranium must not be con- 
founded with the so-called Geranium oil of India, which is the produce of an 
Indian Grass, Andropogon pachnode #, Trin, {A. bcha>nanthvs y Linn.). (See 
Andropogon .) This latter oil is that used in Turkey for mixing with Otto 
of Roses. ($ee Rosa.) 

Natural Order 69. Tropasolaceje. — T he Indian Cress Order. 
— Character. — Smooth twining or trailing herbaceous plants, 
with an acrid juice. Leaves alternate, exstipulate. Flowers 
axillary. Sepals 3 — 5 {fig. 790), the upper one spurred ; valvate 
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or very slightly imbricate in aestivation. Petals (fig. 790) 1 — 5, 
hypogynous, more or less unequal ; aestivation convolute. Sta- 
mens (fig. 790) 6 — 10, somewhat perigynous, distinct ; anthers 
2-celled. Ovary of 3 (fig. 790) or 5 carpels ; style 1 ; stigmas 3 
or 5. Fruit indehiscent, usually consisting of 3 carpels arranged 
round a common axis, from which they ultimately separate, each 
carpel containing one seed. Seed large, exalbum inous ; embryo 
large ; radicle next the hilum. 

Distribution , Examples, and Numbers. — Chiefly natives of 
South America. Examples of the Genera: — Tropaeolum, Chy- 
mocarpus. There are about 40 species. 

Properties and Uses. — Generally acrid, pungent, and anti- 
scorbutic, resembling the Crucifer®. The unripe fruit of 
Tropaeolum majus , which is commonly known as Indian Cress or 
Garden Nasturtium, is frequently pickled, and employed by 
housekeepers as a substitute for Capers. Most of the Tropaeo - 
lums have tubercular roots, some of which are edible, as T. 
tuberosum . 

Natural Order 70. Limnanthaceas. — T he Limnanthes Order. 
— Diagnosis.— This is a small order of plants included by Lind- 
ley in the Tropaeolace®, with which it agrees in its general cha- 
racters ; but it is at once distinguished from that order by having 
regular flowers ; more evidently perigynous stamens ; and erect 
ovules. It forms a sort of transition order between the Thalami- 
florae and Calyciflorae, although, perhaps, it should be included 
in the latter. 

Distribution , Examples , and Numbers. — Natives of North 
America. Examples of the Genera: — Limnanthes, Florkea. These 
are the only genera, which include 3 species. 

Properties and Uses. — In these they resemble the Crucifer® 
and Tropseolace®. 

We conclude our notice of the Natural Orders included under 
the Sub-class Thalamiflone, by the following Artificial Analysis. 
It is founded upon that given by Lindley in his Vegetable King- 
dom. The object sought to be attained in this analysis, is to 
render it easy for the student to ascertain the order to which a 
plant belongs ; and then, when the plant has thus been referred 
to its proper order, by turning to the description of that order 
as here numbered, in the body of the work, a more complete 
account will be found, by which a more perfect knowledge of it 
may be obtained. But it should be noticed that, however care- 
fully such artificial analyses may be drawn up, it is almost im- 
possible to render them universally applicable, on account of the 
extreme shortness of the characters which are necessarily em- 
ployed. 
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Artificial Analysis of the Natural Orders in the Sub-class 

ThALAMJ FLORAE. 

(The numbers refer to the Orders in the present work.) 

1. Flowers Polyanorous. — S tamens more than 20. 

A. Leaves without stipules. 

a. Carpels more or less distinct , (at least as to the styles), or solitary. 

1. Stamens distinct. 

Carpels immersed in a fleshy tabular 
thalamus .... . Nelumbiacese. 11. 

Carpels not immersed in a thalamus. 

Embryo in a vitellus .... Cabombacex. 9. 
Embryo naked, very minute. 

Seeds arillate ..... Dilleniaceae. 2. 

Seeds exarillate. Albumen fleshy 
and homogeneous. 

Flowers hermaphrodite . . Ranunculacete. 1. 

Flowers unisexual . . . Schizandracew. 0. 

Seeds usually exarillate. Albumen 
ruminate Anonacesu. 4. 

2. Stamens united in one or more parcels. 

Calyx much imbricated. 

Seeds smooth Hypericacesp. 30. 

Seeds shaggy Reaumur iacese. 37. 

b. Carpels wholly combined, (at least as to the ovaries), with more than one 
placenta . 

Placentas parietal, in distinct lines. 

Anthers versatile. Juice watery . « Capparidacese. 10. 

Anthers innate. Juice milky . . Fupavei'ucew. lb. 

Placentas parietal, spread over the lining 
of the fruit ...... F/acourtiacew. 19. 

Placentas covering the dissepiments . Nymphxacex. 10. 
Placentas in the axis. 

Stigma large, broad, and petaloid . . Sarraceniacew. 12. 

Stigma simple. Calyx much imbricated. 

Leaves compound .... Rhizobolacex. 39. 
Leaves simple. 

Petals equal in number to the sepals. 

Seeds few Clusiacea?. 35. 

Seeds numerous. Petals flat . Marcgraviacew. 38. 
Seeds numerous. Petals crumpled Cistu'cew. 18. 

Petals not equal in number to the 
sepals. Styles not perfectly com- 
bined Ternstrcemiaceee. 34. 

Stigma 5-lobed. Stamens monadelphous Humiriucex. 58. 

B. Leaves with stipules. 

a. Carpels more or less distinct, (at least as to 

the styles). 

Carpels numerous Magnoliacex. 3. 

b. Carpels wholly combined, (at least as to the 

ovaries ), with more than one placenta . 

Placentas parietal Flacourtiacex. 19. 
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Placentas in the axis. 

Calyx with tin imbricate aestivation. 
Flowers involucrate .... 
Flowers not involucrate 
Calyx with a valvate aestivation. 

Stamens monadelphous. Anthers 2- 
cellcd. 

Filaments united into a column. 

Stamens all perfect 
Flaments not united into a column. 
Stamens partly sterile 
Stamens monadelphous. Anthers 1- 

celled 

Stamens monadelphous. Calyx irre- 
gular, and enlarged in the fruit 
Stamens quite distinct 


Cldeenaceas. 33. 
Cistaceae. 1 8. 


Sterculiaceae. 29. 

Byttneriaceue. 30. 

Malvaceae. 28. 

Bipteraceae. 32. 
Tiliaceve . 31. 


2. Flowers Oligandrous. — Stamens less than 20. 


A. Leaves without stipules. 

a. Carpels more or less distinct , or solitary. 

Anthers with recurved valves . 

Anthers with longitudinal dehiscence. 
Albumen abundant, embryo minute. 
Flowers unisexual. Seeds usually nu- 
merous 

Flowers polygamous. Seeds solitary or 

twin 

Flowers perfect. 

Embryo in a vitellus 
Embryo not in a vitellus. 

Albumen homogeneous. 

Sepals 2 

Sepals more than 2 . 

Albumen ruminate. Shrubs 
Albumen in small quantity, or alto- 
gether wanting. 

Flowers unisexual .... 

b. Carpels wholly combhied, ( at least as to the 

ovaries ). 

Placentas parietal. 

Stamens tetradynamous 
Stamens not tetradynamous. 

Large hypogynous disk. 

Flowers tetramerous. Fruit closed 

at the apex 

FIowcj ^ not tetramerous. Fruit 
usually open at the apex . 

Small hypogynous disk, or none. 
Albumen abundant. 

Flowers irregular 
Flowers regular. Sap milky. Fruit 
without central pulp 
Fruit with central pulp, or fleshy. 
Sap watery .... 
Albumen in small quantity, or want- 
ing. 

Calyx tubular, furrowed . 


Berberidaceae. 8. 

Lardizahalacese. 5. 
Xanthoxylaceao. 60. 
Cabombaceae. 9. 

Fumariacem. 14. 
Banunevlaceas. 1. 

A nonuceae. 4. 

Menispermaceae . 7. 


Cruci ferae. 15. 

Cuppa ridaceae. 

16. 

Resedaceae. 1' 


Fumariaceae. 

14. 

Papaveracew. 

13. 

Flacourtiaceee , 

19. 

Frankeniaceae. 

23. 
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Placentas covering the dissepiments . Xymphseaceae. 10. 
Placentas axile. 

Styles distinct to the base. 

Calyx valvate Vivianiaceae. 27. 

Calyx much imbricated. 

Seeds smooth. Petals unequal-sided, 
without appendages . . . Hypericaceae. 3G. 

Seeds t-haggy. Petals unequal-sided, 
usually with appendages at the 

base ...... Beanm h riaceae. 37. 

Seeds smooth. Petals equal . . Linacea;. 03. 

Calyx slightly imbricated. 

Petals not twisted in aestivation. 

Ovary with a free central placenta Caryophyllaceae. 2G. 

Styles more or less combined. 

Fruit gynobasic. 

Stamens arising from scales . . Shnarvbacete. 63. 

Stamens not arising from scales. 

Styles wholly combined. 

Flowers hermaphrodite . . Rutaceae. 59. 

Flowers unisexual, or polyga- 
mous ..... Xanlhoxylaeeae. GO. 

Stvles divided at the apex. 

Flowers irregular. Fruit usually 

with elastic valves . . Balsaminacew. G7. 

Fruit not gynolmsic. 

Calyx much imbricated, in an irre- 
gular broken whorl. 

Flowers symmetrical . . Clusiaceae. 33. 

Flowers un symmetrical. 

Flowers regular. 

Petals with appendages at 
their base. Leaves alter- 
nate .... Snpinduceae. 40. 
Petals without appendages 
at their base. Leaves op- 
posite .... Aceruceep . 44. 

Flow ers irregular. 

Flowers falsely papilio- 
naceous. Ovary 2 — 3- 
celled .... Polyguluceae. 41. 
Flowers not papilionaceous 
in appearance. Ovary 1- 
celled .... Krame riaceae. 42. 
Calyx but little imbricated, in a complete 
* whorl. 

Carpels 4 or more. 

Seeds winged Cedrelaceae . 48. 

Seeds wingless. 

Stamens united into a long tube . Meliaceae. 49. 
Stamens distinct, or nearly so. 

Leaves dotted. Seeds amygdaloid Aurantiacem. 50. 
Leaves without dots. Seeds minute Brexiaceae. 54. 
Carpels less than 4. 

Seeds conaose ..... Tamaricaeeee. 24. 
Seeds not comose. 

Ovules pendulous. Petals twisted in 
aestivation ^ Canellaceae. 53 
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. Ovules ascending or horizontal. 
Petals imbricate in Aestivation . 
Ovules pendulous. Petals imbri- 
cate in aestivation 

Calyx valvate, or but very slightly imbri- 
cate. 

Anthers opening by pores 
Anthers with longitudinal dehiscence. 
Calyx generally enlarging with the 

fruit 

Cahx small, not enlarging with the 

fruit 

Stamens more or less perigvnous. 
Flowers irregular. Ovules pendulous 
Flowers regular. Ovules erect . 


Pittosporaceae. 52. 
Cyrillaceae. 57. 

Tremandraceee. 43. 

Olacaceae. 55. 

Icacinaceae . 5G. 

Tropeeolaceae . G9. 

IAmnanthacece. 70. 


Leaven with stipules. 


a. Carpels distinct, or solitary. 

Anthers with recurved valves. Carpel 
solitary ....... 

Carpels several 

b. Carpels wholly combined , (at least as to the 

ovaries ), with more placentas than one. 
Flacentas parietal. 

Leaves with circinate vernation 
Leaves with involute vernation. Anthers 
crested, and turned inwards . 

Stamens opposite to the petals. Anthers 
naked, and turned outwards. 

Placentas axile. 

Styles distinct to the base. 

Calyx much imbricated, in an irregular 
broken whorl. 

Petals small, sessile .... 
Calyx but httle imbricated, in a com- 
plete whorl. 

Petals conspicuous, stalked 

Calyx valvate 

Styles more or less combined. Fruit gy- 
nobasic. 

Gynobase fleshy . 

Gynobase dry. 

Leaves regularly opposite . 

Leavv s more or less alternate. 

Fruit beaked 

Fruit not beaked .... 
Styles more or less combined. Fruit not 
gynobasic. 

Calvx much imbricated, in an irregular 
broken whorl. 

Flowers surrounded by an involucre . 
Flowers not surrounded by an invo- 
lucre 

Calyx but little imbricated, in a com- 
plete whorl. 

Stamens 8. Sepals and petals penta- 




Berberidaceas. 8. 
Co i lunucew. G2- 


Droseracew 22. 
Violacew. 20. 
Sauvagesiacea ?. 21. 


Elatinacccc. 25. 


Malpigh iacetr. 4G. 
'l'il me tte. 31. 


Ochnacese. GG. 

Zygoph yllacetc. G 4. 

Geraniacea?. G8. 
Oxalidacew. GG. 


Chl&uacex. 33. 
Sapindaceae. 40. 


Hippocrateacess. 45 * 
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Stamens more than 3. 

Calyx glandular. Petals without 

appendages Malpigliiacex . 46. 

Calyx not glandular. Petals with 
appendages Erythroxylaceee . 47. 

Calyx valvate. 

Stamens united by their filaments into 
a column Sterculiaceas. 29. 

Stamens not united into a column. 

Stamens opposite to the petals if 
equal to them in number. An- 
thers versatile .... Vitacese. 51. 

Stamens alternate with the petals 
if equal to them in number. An- 
thers not versatile . . . Tiliaceee. 81. 

In order to prevent the student being misled, and thus to refer plants to 
their wrong positions in the Vegetable Kingdom, it should be particularly 
noticed, that although the general character of the Thalamifiorae is to have 
dichlamydeous flowers and polypetalous corollas, yet exceptions do occur 
occasionally to both these characters. Thus, we find npetalous genera and 
species ill lianuncutaceae , Menispermacea*, Bapaveraceae , Macourtiaceae, Cary- 
ophyllacea ?, Sterculioceee, Byttneriucea >, Tiliacew , JMalpighiaceae, Rutactar, 
Xanthoxylaccw -, and Gemniactae. Again, in the orders Anonuctee and 
Uutacree , we tind some monopetalous species and genera. In Tropteolacew 
and Limnanthacea % the stamens are more or less perigynous, instead of hypo- 
gynous as is commonly the case in the Tlialamiliorte. Perigynous stamens 
are also occasional!}* found in other Thalamitioral orders. 


Sub-class II. Calyciflorx. 

1. Perigynse. 

Natural Order 71. CELASTRACEiE. — The Spindle-tree Order. 
— C haracter. — Shrubs or small trees. Leaves simple, generally 
alternate, or rarely opposite, with small deciduous stipules. 
Sepals 4—5, imbricate. Fetals with imbricate estivation, 
equal in number to the sepals, inserted on a large disk which sur- 
rounds the ovary ; sometimes wanting. Stamens as many as the 
petals and alternate with them, inserted on the disk ; anthers 
innate. Disk large, flat, expanded. Ovary superior, surrounded 
by the disk, 2— 5-celled, each cell with 1 or many ovules; 
placentas axile ; ovules ascending, with a short stalk. Fruit 
superior, 2 — 5-celled, either drupaceous and indehiscent, or cap- 
sular with loculicidal dehiscence. Seeds ascending, with (Jig. 
747) or without an aril ; albumen fleshy ; embryo straight ; 
radicle short, inferior ; cotyledons flat. 

Diagnosis. — Shrubby plants, with simple leaves and small de- 
ciduous stipules. Flowers small, regular, and perfect ; or rarely 
unisexual by abortion. Sepals and petals 4—5, imbricate in 
»stiration. Stamens equal in number to, and alternate with, 
the petals, and inserted with them on a large flat expanded disk. 
Ovary superior, placentas axile. Fruit superior, 2 — 5-celled. 
Seeds ascending, albuminous ; embryo straight, radicle inferior. 
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* Distribution , Examples, and Numbers. — Chieflv natives of 
the warmer parts of Asia, North America, and Europe ; they 
are also plentiful at the Cape of Good Hope. Generally speaking, 
the plants of the order are far more abundant out of the tropics 
than in them. Examples of the Genera: — Euonymus, Catha, 
Celastrus. There are about 280 species. 

Properties and Uses. — Chiefly remarkable for the presence of 
hn acrid principle. The seeds of some contain oil. 

Catha edulis. — The young blender shoots, with the attached leaves, con- 
stitute the Arabian drug called Kat, Khat, or Onfta. This is largely 
chewed by the Arabs, and is said to produce great hilarity of spirits and an 
agreeable state of wakefulness. A decoction is also made from it, and used 
as a beverage like our tea; its effects are described as being somewhat 
similar to those produced by strong green tea, but the excitement of a more 
p’easing and agreeable nature, by some writers the term Kat is applied to 
the drug in its unprepared state, and Cafta to a preparation made from it. 
The leaves and voting shoots of C. spinosa are also said to be used in the 
preparation of Kat. 

Celastrus. — The seeds of C. paniculatus y ield an oil of a powerfully stimu- 
lating nature, which is sometimes mod as a medicine in India under the 
name of ‘Oleum nigrum.’ — C. scandens and C. seneyalensis have purgative 
and emetic barks. 

Eleeodendron Kuhu. — The drupaceous fruits of this species are eaten at 
the Cape of Good Hope. 

Euonymus. — E. eumpoeus is the common Spindle-tree of our hedges. The 
wo id is used to make skewers*, spindles, &c. In France, chaicoal is said to 
be prepared from the wood, and used in the manufacture of gunpowder ; 
v\ hile the young shoots in a charred condition form a kind of drawing- 
pencil. The seeds arc reputed to be purgative and emetic, and are also said 
t > be poisonous to sheep. The seeds of some other species have similar pro- 
perties. The bark of E. tingens has a beautiful yellow colour on its inside, 
which maybe used as a dye. — E. atropurpvreus. Wakoo. — The bark of this 
plant, and that of E. ameriranus are med in the United States of America 
in the preparation of the eclectic remedy termed euonymin. This is reputed 
to possess tonic, laxative, alterative, and expectorant properties. 

Natural Order 72. Stackhoxxsiace^e. — T he Stackhousia 
Order. — Character. — Herbs or rarely shrubs , with simple, 
entire, alternate, minutely stipulate leaves. Calyx 5-cleft, with 
its tube inflated. Petals 5, united below into a tube, arising 
from the top of the tube of the calyx, and having a narrow 
stellate limb. Stamens 5, distinct, of unequal length, perigynous. 
Ovary superior, 3 or 5-celled, each cell containing one erect 
ovule ; styles 3 or 5, distinct or combined at the base. Fruit 
consisting of from 3 — 5 indehiscent carpels, attached to a central 
persistent column. Seeds with fleshy albumen ; embryo erect ; 
radicle inferior. 

Distribution , Examples , and Numbers. — Natives of New 
Holland. Examples of the Genera : — Stackhousia, Tripterococcus. 
There are about 20 species. 

Properties and Uses.— Unknown. 

Natural Order 73. Staphyleace,®. — T he Bladder-Nut 
Order.— Character. — Shrubs , with opposite or rarely alternate 
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pinnate leaves, which are furnished with deciduous stipules and, 
stipels. Calyx 5-parted {fig. 778), coloured, imbricate. Petals 
5 (fig. 778), alternate with the divisions of the calyx, imbricate. 
Stamens 5 (fig. 778), alternate with the petals, and inserted with 
them on a lar^e disk. Ovary superior, composed of 2 (fig. 778) 
or 3 carpels, which are more or less distinct ; ovules numerous ; 
styles 2 or 3, united at the base. Fruit fleshy or membranous. 
Seeds ascending, with a bony testa ; albumen little or none. 

Distribution , Examples, and Numbers. — They are scattered 
irregularly over the globe. Examples of the Genera : — Euscaphis, 
Staphylea. There are about 14 species. 

Properties and Uses. — The bark of some species is bitter and 
astringent, as that of Euscaphis staphyle aides. Others have oily 
and somewhat purgative seeds, as Staphylea pinnata, &c. 

Natural Order 74. Voohysiace^e.— T he Vochysia Order. — 
Character. — Trees or shrubs , with entire usually opposite 
leaves, which are furnished at the base with glands or stipules. 
Flowers very irregular and unsymmetrical. Sepals 4 — 5, united 
at the base, very unequal, the upper one spurred, imbricate 
in aestivation. Petals , 1, 2, 3, or 5, unequal, inserted upon 
the calyx, imbricate in aestivation. Stamens 1 to 5, usually op- 
posite the petals, or rarely alternate, arising from the bottom of 
the calyx, most of them sterile. Ovary superior or partially 
inferior, 3-celled, or rarelj- 1 -celled ; placentas axile ; style and 
stigma 1. Fruit usually capsular, 3-cornered, 3-celled, with 
loculicidal dehiscence ; or rarely indehiseent and 1-celled. Seeds 
usually winged, without albumen, erect. 

This order is generally placed near Combretaceae , but it is 
readily distinguished from it by its superior or nearly superior 
ovary. Lindley considers it most nearly allied to the Violaceae 
and the Polygolaccse. 

Distribution , Examples , andNumbers. — Natives of equinoctial 
America. Examples of the Genera: — Vochysia, Salvertia. There 
are about 50 species. 

Properties and Uses. — Generally unimportant, although some 
are said to form useful timber. 

Natural Order 75. RHAMNACKiE. — The Buckthorn Order. — 
Character. — Shrubs or small trees , which are often spiny. 
Leaves simple, alternate or rarely opposite ; stipules small or 
wanting. Flowers small, usually perfect (fig. 783) or sometimes 
unisexual. Calyx 4 — 5-cleft, with a valvate aestivation (fig. 
783). Petals equal in number to the divisions of the calyx (fig. 
783), and inserted into its throat, cucullate or convolute, some- 
times wanting. Stamens equal in number to the petals (fig. 
783) and opposite to them when present, and alternate to the 
divisions of the calyx. Disk fleshy. Ovary (fig. 783) superior 
or half superior, immersed in the disk, 2, 3, or 4-celled ; ovules 
solitary. Fruit dry and capsular, or fleshy and indehiseent. 
Seeds one in each cell, erect, usually with fleshy albumen, bu$ 
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this is sometimes wanting, exarillate ; embryo long, with a short 
inferior radicle, and large flat cotyledons. 

Diagnosis — Small trees or shrubs, with simple leaves and 
small regular usually perfect flowers ; rarely unisexual. Calyx 
4 — 5-parted, valvate. Petals and stamens distinct, perigynous, 
and equal in number to the divisions of the calyx ; the petals 
sometimes wanting. Ovary more or less superior, surrounded 
by a fleshy disk. Fruit 2, 3, or 4-celled, with one erect seed in 
each cell. Seed usually albuminous, without an aril. 

Distribution , Examples , and Numbers . — Generally distributed 
over the globe except in the very coldest regions. Examples of 
the Genera : — Zizyphus, Rhamnus, Ceanothus. There are about 
2G0 species. 

Properties and Uses. — Some of the plants have acrid and pur- 
gative properties ; others are bitter, febrifugal, and tonic. A 
few are used in the preparation of dyeing materials, and some 
few others have edible fruits. 

Ceanothus americanns. — The young shoots are astringent ; and in New 
Jersey the leaves are dried and used as a substitute for China tea ; hence 
they are common! v known as New Jersey Tea. 

Discuria febrifuga. — The root is used in Brazil as a febrifuge and tonic. 

Gouania domi ngensis is reputed to possess stomachic properties. 

Hovenia dulcis. — The peduncles of this plant become ultimately enlarged 
and succulent, and are much esteemed in China, where they are eaten as a 
kind of fruit. 

Rhamnus. — This genus is by far the most important in the order. Thus, 
R. catharticus , commonly called Buckthorn, produces a fruit the fresh juice 
of which is official in the British Pharmacopoeia, and has been used f >r ages 
as a livdragogue cathartic ; but it is rarely employed at the present day, on 
account of its violent and unpleasant operation. The pigment known as 
sap-green , the vert de vessie of the French, is prepared by evaporating to 
drvness the fresh juice of Buckthorn berries previously mixed with lime. 
The bark of R. Frangula , the Black Alder, has long been employed in 
Germany, Holland, and some other parts of Europe, as a purgative, and it 
has lately come into use in this country. The bark of the young trunks 
and larger branches is regarded as the most active, and more especially 
so after having been kept for a year or more. A greenish or vellowish- 
gieen dye is made from the leaves. The wood under the name of ‘ bogwood ’ 
is largely used in the manufacture of the finer kinds of gunpowder. The 
bark of R. purshiana has also been much employed ot late years in the 
United States of America, as a purgative. It is known under the name 
of Casrara sagrada, and i« obtained from California. The unripe fruits 
of R. infectorius are known in commerce under the name of French berries 
(Graines d’ Avignon of the French) ; while those of R. amyqdalinus con- 
stitute the berries ca led yellow berries or Persian berries. Some authors 
bay that both the French and Persian berries are the produce of one 
species, the R. infectorius , and that the only difference between them is 
in size — those called French or Avignon berries being smaller, and not of 
such good quality as the Persian berries, which are obtained from Asiatic 
Turkey and Persia. These berries produce a beautiful yellow colour, which 
is used for dyeing morocco leather, and bv calico printers. — R. saxatilis 
produces a fruit, which may be also employed for dyeing yellow, in 
Abyssinia, the leaves of R. pauciflorus, and the fruit of R. Staddo , both of 
which possess bitter properties, are employed as a substitute for hops in the 
preparation of beer. From R. alaternus a blue dye may be prepared. The 
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Chinese green dye ( Lo-hao ), known here as Chinese Green Indigo, and now 
much used in Europe, is prepared from R. chlorophorus (globosus) and R. 
utilis. 

Sageretia theezans is a native of China, where its leaves are used as a sub- 
stitute for tea by the poorer inhabitants. 

Ventilago Maderaspatana. Pupli. — The bark of the root is used in 
India in the production of orange and other dyes. 

Zizyphus. — Many species of this genus have edible fruits. Thus, the 
Z. vulgaris. Z. Jujuba, and others, yield the fruits known under the name of 
Jujubes. Jujube is a favourite dessert fruit in Japan ; and another Japanese 
species, Z. sinensis , yields the fruits known as Japonicas, which are occa- 
sionally to be met with in Covent Garden Market. — Z. Lotus has also an 
edible fruit, which is esteemed by the Arabs, &c. This is generallv believed 
to be the Lotus of the ancients, and from which the Lotophagi received 
their name. By some, howevei, the Lotus of the ancients is supposed to be 
the Nitraria tridentata. (See Nitraria.) The berries or seeds of some 
species of Zizyphus are regarded as sedative, while those of Z. Boclei are 
reputed to be poisonous. Some believe that the crown of thorns which was 
placed on our Saviour’s head was made from Z. spina- Christi. 


Natural Order 7G. Anacardjace.®. — The Cashew-Nut or 


Sumach Order. — Character . — Trees or shrubs, with alternate, 
Bimple or compound, dotless, exstipulate leaves. Flowers re- 
gular, small, and frequently uni- 
Fio. 930 . sexual. Calyx persistent (Jig. 930), 

with usually 5, or sometimes 3, 4, 
^ or 7 lobes. Petals equal in number 

to divisions the calyx, peri • 
fV, JP* gynous, imbricate ; sometimes ab~ 
$ fXjr" $ sen t. Stamens alternate with the 
i r eta ^ s > an ^ of the same number, or 
iir ^ w i° e as many, or even more nume- 
ii rous ’ P er igy n0l,8 > and united at the 

% base if there is no disk, but if this 
\\ * is present then distinct and inserted 

, „ upon it. l)isk hypogynous or want- 

in «' °? ar y " snull > T sil, g le > 1 -celled, 
one branch bearing fruit, and the generally superior, or very rarely 
others covered with hair-like ap- m f er ior ; stvles 1, 3, 4, or none: 
pendages and sterile. ' ’ , ’ \ ’ 

stigmas the same number as the 


styles ; ovules solitary, attached to a long funiculus which arises 
from the base of the cell. Fruit (jig. 930) indehiscent, dru- 
paceous or nut-like. Seed without albumen. 

Distribution , Examples, and Numbers . — The plants of this 
order are chiefly found in the tropical regions of the globe, 
although a few are found in the South of Europe and in other 
extra- tropical warm districts. Examples of tlw Genera : — Pistacia, 
Mangifera, Anacardium. There are about 110 species. 

Properties and Uses . — They abound in a resinous, somewhat 
gummy, acrid, or milky juice, which is occasionally very poison- 
ous, and sometimes becomes black in drying. The fruits and 
seeds of some species are, however, held in high estimation, and 
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are largely eaten in different parts of the world. Many plants of 
this order furnish varnishes. 

Anarcardium occidentale , the Cashew- nut, is remarkable for its enlarged 
fleshy peduncle, whieh is eaten as a fruit; and its juice, when fermented, 
produces a kind of wine in the West Indies ; and in Bombay and oilier places 
a spirit is also distilled from it. Each peduncle bears a small kidnev-sliaped 
nut-like fruit, the pericarp of which is very acrid, but the seed is edible. Bv 
roasting the fruit the acridity is destroyed, and the seed then possesses a 
tine flavour. The acrid principle, which is of an oily nature, possesses power- 
ful rubefacient and vesicant properties. The Cashew-tree also yields a large 
supply of a kind of gum, which is however but little used. 

’ Holt gam a longifolia. — The fruits of this species and those of Semecarpvs 
Anacardium , furnish the black varnish of Sylhet, which is much used in 
India. (See Semecarpns.') 

Mangifera indira. — The fruit of this plant is the Mango, will h is so 
highly esteemed in tropical countries. Several varieties are cultivated, 
which differ very much in the size and flavour of their fruits. The kernel 
of the seed is employed in Brazil and in India as an anthelmintic. 

Melunorrhmi vsitatissima furnishes the Black Varnish of the Burmese. 
It is employed in the arts, and also as an anthelmintic. 

Odina tVoditr has an astringent bark, which has been used in India. 
It also yields an astringent gum. 

Pistacia. — P. Lentiscus is the source of the official concrete resin called 
i mastic or mastich. It is obtained from the stem by incision. Mustich, when 
dissolved in spirit of wine or oil of turpentine, forms a good varnish, which 
was formerly much employed in this country, but of late years the place of 
mastich for this purpose has been supplied in a great degree by Dammar 
and other less expensive resins. It is used in the East as a masticatory; 
and al-o to sonic extent for fumigation, and in the manufacture "of 
confections and cordials. It is also employed in this country by dentists 
as a temporary stopping for teeth, w hen dissolved in alcohol "or ether, 
for the relief of toothache. It possesses stimulant and diuretic properties, 
but is rarely employed in medicine It is exclusively collected in the 
is'and of Scio, and from male plants only, where this p’ant is much 
ci itivated. — P. Terehinthus is the source of the liquid oleo-resin called Chian 
Turpentine. It is obtained from the stem by incision, in the same way as 
mastich. Chinn Turpentine becomes solid by keeping from the loss of its 
volatile oil It has the general properties of the ordinary Turpentines, 
derived from some of the Conifer®, and w'as formerly employed for 
similar purpose; but its use in medicine had become nearly ob-olete 
until it was recommended recently as being almost a specific in the 
treatment of uterine cancer, for which purpose it has been extensively 
employed, hut without any evident success. It is used in Greece and 
the Levant in the manufacture of cordials. Chian Turpentine, as its name 
indicates, is obtained from the island of Scio. — Pistacia vera produces the 
fruit known as Pistachio or Pistacia-nut, the kernels of which are of a 
green colour, and have m agreeable flavour. They are highly est *emcd by 
the Turks and Greeks, and aie occasionally imported into this country. 
They are either eaten raw, or after having been fried, with pepper and salt. 
— P. Khinjuk and P. cabulica yield concrete resins resembling mastich. 
This kind of mastich is imported into India from Cabul ; and rarely 
into Europe under the name of Bombay or East Indian Mastich. Curiously 
shaped galls of a slightly astringent terebinthinate taste are also obtained 
from P. Khinjuk , which" enter into the native Materia Medica of India 
under the name of Gul-i-pista — P. atlantica also yields a concrete resin, 
which is used in place of mastich by the Arab tribes of Northern Africa. 

Rhus. The Sumach. — Several species of this genus have more or less 
L L 
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poisonous properties. They have generally a milky juice, which becomes 
black on exposure fo the air ; and the emanations from some of them ex- 
cite violent erysipelatous inflammation upon certain individuals when 
brought within their influence. — R. Toxicodendron is the Poison-oak of 
North America. The leaves contain a peculiar acrid principle, to which their 
medicinal properties appear to be due. They have been thought to be use- 
ful in old paralytic cases and in chronic rheumatism. — R. venenata is the 
Poison -ash or Poison-elder, and, like the two former J has very poisonous 
properties. The above plants, in a fresh state, ought to be veVy carefully 
handled, as their juices frequently cause violent erysipelatous inflammation. 
The bark of R. Coriaria is a powerful astringent, and is used in tanning ; 
other species have similar properties. The fruit is acidulous, and is eaten 
by the Turks. The leaves, when dried and powdered, constitute the material 
called Shu mar or Sumach , which has been employed in tanning anddveing 
for ages. The wood of R. Cotinus is known in commerce as Young Fustic 
or Zante Fustic. It is used for dyeing, and produces a rich yellow colour. 
This must not be confounded with Old Fustic , which is derived from an 
entirely different plant (see Madura tinctoria). — R. Metopium , a native of 
Jamaica, furnishes the Hog-gum of that island ; this is said to have astrin- 
gent, diuretic, and purgative properties when given internally, and to act 
as a vulnerary when applied to wounds, &e. From the fruits of R. succe- 
danca , and probably other species, Japanese Wax is obtained, which is now 
largely used in this country for candles, &c. On the branches of this plant 
in India, peculiar horn-like galls are found, which possess astringent pro- 
perties. 

Semecarpus Anncardium is the source of the Marking nut. These fruits 
are used extensively in the preparation of a black varnish. The seeds are 
?dible, like those of the Cashew. These nuts and the fruit of Iloligarna 
lonpifolia (as before noticed), furnish the black varnish of Sylhet, winch is 
used in the East Indies for varnishing lacquer-work and for marking linen, 
hence their common name. The black thick juice of this plant has power- 
fully caustic properties, and is in u^e bv the natives of the East Indies as a 
vesicant. Its employment, however, lias frequently led to serious conse- 
quences, and should be condemned as dangerous. 

Spo?idias. — N. purpurea , N. Momhin, and other species, have edible fruits, 
called Ilog-plums in Brazil and the West Indies. The fruit of S. cytherea 
or *$. dulds . a native of the Society Islands, is said to rival the Pineapple in 
flavour and fragrance. 

Stagmaria verniciflua (Rhus vernicifera ) is the source of a valuable hard 
black varnish, known in the Indian Archipelago under the name of Japan 
Lacquer. 

Natural Order 77- Sabiaoe/E. — T he Sabia Order. — Diagno- 
sis. — This is a small order of plants, containing but 2 genera, and 
9 species, which were formerly placed as doubtful genera of the 
Anacardiacese ; but the Sabiacese differ essentially from the Ana- 
car diaceae, in their stamens being opposite to the petals ; in their 
distinct carpels ; and in their solitary ovules being attached to 
the ventral suture. Miers and Blume regard the Sabiacete as 
related to Menispermacete and Lardizabal arete. 

Distribution , Properties , and Uses. — Natives of the East 
Indies. Their properties are altogether unknown. 

Natural Order 78. Connaraceje. — -The Connarus Order. — 
Character. — Trees or shrubs. Leaves alternate, with out dots, 
compound , and generally exstipulate. Flowers usually perfect, or 
rarely unisexual. Calyx 5-partite, inferior, imbricate or valvate in 
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Aestivation. Petals 5, inserted on the calyx, imbricate or valvate. 
Stamens 10, usually monadelphous, nearly or quite hypogynous. 
Carpels 1 or more ; ovules 2, sessile, collateral, ascending, ortho- 
tropous. Fruit follicular. Seeds with or without albumen, arillate 
or exarillate ; radicle superior, at the extremity most remote 
from the hilum. 

Distribution , Examples, and Numbers. — Natives of the tropics 
and most common in tropical America. Examples of the Genera : 
— Connarus, Omphalobium. There are about 42 species. 

Properties and Uses. — Some have oily seeds ; others, as certain 
species of Omphalobium , have edible arils. The zebra- wood of 
the cabinet makers is said by Schombnrgk to be furnished by 
Omphalobium Lambertii, a very large Guiana tree. (See Guct- 
tarda.) 

Natural Order 79. Amyridace^: or Burkeraue/E. — T he 
Myrrli and Frankincense Order. — C li a r a c t e r. — Trees or shrubs , 
abounding in a fragrant gum-resinous or resinous juice. 
Leaves compound, frequently dotted. Flowers perfect, or rarely 
unisexual. Calyx persistent, with 2 — 5 divisions. Petals 3 — 5, 
arising from the calyx below the disk; sestivatio n valvate, or occa- 
sionally imbricate. St a mens twice as many as the petals, perigy- 
nous. Disk perigynous. Ovary 1 — 5-celled, superior, sessile, 
placed in or upon the disk; ovules in pairs, attached to a placenta 
at the apex of tlio cell, anatropous. Fruit dry, 1 — 5-celled ; 
epiearp often splitting in a valvular manner. Seeds exalbuminous ; 
radicle superior, turned towards the hilum. 

Distribution , Examples, and Numbers. — They have been only 
found in the tropical regions of America, Africa, and India. 
Examples of the Genera: — Boswellia, Balsamodendron, Amyris. 
There are about 60 species. 

Properties and Uses. — The plants of the order appear to be 
almost universally characterised by an abundance of fragrant 
resinous or gum-resinous juice. Some are considered poisonous; 
others bitter, purgative, or anthelmintic ; and a few furnish 
useful timber. 

Amyris. — A hexandra and A. Plumieri have been stated to yield appor- 
tion of the Elemi of commerce, but there is no proof whatever of such being 
the case — A. elemifera , of Hoyle, yields Mexican or Vera Cruz Elemi. — A. 
ba/samifera is said to furnish one kind of Lignum Rhodium, but on no 
sufficient authority. — 4. toxifera , as its name implies, is regarded as 
poisonous. 

Balandes mgyptiaea has slightly acid leaves, which are reputed to be 
anthelmintic, while the unripefruits arc acrid, bitter, and purgative ; they are 
eaten, however, when ripe. The seeds of this plant also yield by expression 
a fixed oil of a fatty nature, called zuchun in Egypt, where the plant is 
cultivated. 

Balsamodendron or Balsamodendrum.—B. Myrrha is generally regarded 
as supplying the gum-resin known in commerce under the name of Myrrh. 
It is called in Hebrew mor or mur, and is mentioned in the Old Testament 
for the first time in Gen. xxxvii. 25 ; hence it must have been in use for 
more than 3500 years. The plant or plants yielding Myrrh, for it is not yet 

l l 2 
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altogether certain from whence it is derived, are natives of Somali-land and 
the adjoining parts of Arabia. But from recent investigations it would 
appear that the official or African Myrrh is the produce of B. Myrrha ; that 
kind known as Arabian Myrrh being also derived from the same or a nearlv 
allied species ; and that of East Indian Myrrh or Bissa Bol from probably B . 
Kutaf Kunth. Other species yield similar produces. The botanical source 
of the Stacte or Liquid Mvrrh of the ancients, and which entered into the com- 
position of the holy incense in use by the Jews, is entirely unknown, for no 
drug of modern times has been identified with it. Medicinally, myrrh is 
regarded as tonic, stimulant, expectorant, and antispasmodic, when taken in- 
ternally ; and as an external application it is astringent and stimulant. The 
substance called Balm of Gilead or Balm o f Mecca, and which is supposed to 
he the Balm of the Old Testament, is procured from B. Opobalsamuin. The 
glim-resin known as Indian Bdellium or false myrrh (the Bdellium of Scrip- 
ture), is derived from B. Mvkul and B pubescens. This Bdellium is the 
Googul of the Indian materia medica, and the Mokul of the Persians. It is 
very similar to myrrh. The resinous substance known as opaque Bdellium 
is derived from B. Playfairii , a native of Somali-land. African Bdellium is 
derived from B. africanum. The inner bark of B. pubescens peels off in 
thin white layers like that of Bosirellia papynfera. (See below.) 

Boswe/lia . — The gum-re*in known under the name of Olibanum is 
derived from species of this genus. The name Olibanum appears to be 
derived from the Greek XlfSavos. It is the Lebonah of the Hebrews, the 
Incense or Frankincense of the Bible, and the Lvban of the Arabs. Oliba- 
num or Frankincense is now principally obtained from Arabia and the 
Somali country in Africa. Three species of Boswellia , natives of the Somali 
country, have been described by Dr. Birdwood, who has named them, B. 
Carter ii, B. Bhau-Dajiana , and B. Frereana. The former is the true 
Frankincense or Luban-tree ; but a similar product is obtained from B. 
Bhau~I)ajiana , which is probably only a variety of B. Carterii.- — B. Fre- 
reana is the Yegaar-tree of the Somalis, and affords Luban Maitee, a very 
fragrant re^in, which is chiefly employed in the East as a masticatory. The 
two first species are the principal botanical sources of the Arabian or African 
Olibanum of commerce. The kind known as East Indian Olibanum is 
derived from B. thurifera (serrata). It is the Salai-tree of India, where its 
resin is much used for incense. Olibanum is chiefly used for fumigation, 
and in the preparation of incense. It is also regarded as a remedial agent 
in bronchitis and in chronic pulmonary affections — B. papyrifera , a native 
of Abyssinia, also yields a fragrant gum-resin. This tree is likewise remark- 
able on account of its inner bark, which peels off in thin white layers, which 
may be used as paper. 

Bursera gu mm if era and B. acuminata yield fragrant resinous substances, 
— that from the former is termed Cliibou or Cachibou resin ; that from the 
latter, Resin of Carana. 

Canarium. — C. commune is the plant referred to in the British Pharma- 
copoeia as the source of Manila Elemi, which is the only kind now found in 
commerce. Other authorities, however, refer its source to C. album and 
Idea Abilo (see Idea). But at present we have no reliable data as to its 
botanical source. Elemi is used as an external stimulant application to 
indolent ulcers, &c. The kernels of C. commune , known as Java Almonds, 
also yield by expression a bland oil, which resembles almond oil in its pro- 
perties. — C. bals'imiferum of Ceylon, and C. album , a native of the Philippine 
Islands, also yield fragrant resinous substances resembling Elemi. — C. 
edule yields African Elemi. — C. strictum is the principal, if not the only, 
source of the Black Dammar of Southern India. It is said to be a good 
substitute for Burgundy Pitch. This resin is also sometimes stated to be 
obtained from Vatica Tumbugaia , a tree of the order Dipteraceae (see 
Vatica). 

Elaphrium . — E. tomentosum produces one of the resinous substances 
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called Tacamahac. — E . graveolen8 y a native of Mexico, is reputed to be the 
source of a wood sometimes imported under the name of Mexican Lign-Aloe 
Wood, and also of a volatile oil obtained from it. This must not be con- 
founded with the true Lign-Aloes of the Bible (see Aleoxylon). 

Idea. — I. Icicariba and other species of Icica, yield Brazilian Elemi. — I. 
Abiby Blanco. Fltlckiger and Han bury regard this plant as the source of 
Manila Elemi (see Canarium). Other species produce somewhat analogous 
fragrant resins, as I. Carana , the source of American Balm of Gilead, I. 
heterophylla , the plant yielding Balsam of Acouclii, I. hepiaphylla , &c. — 7. 
altissima furnishes the Cedar-wood of Guiana, of which there are several 
varieties. It is chiefly used for making canoes. 

Natural Order 80. Leguminosje or Fabace,®. — The Legu- 
minous Order. — Character. — Herbs , shrubs , or trees. Leaves 
alternate, stipulate, usually compound (Jigs. 270, 372, and 375). 
Calyx (Jigs. 931, s , and 932, c) monosepalous, inferior, more or 


Fig. 931. Fig. 932. Fig. 933. 





Fig. 934. 

Fig. 931. Diagram of the flower of the Garden Pea ( Pisum sativum), s. 
Sepals, ps. Supciior petal, pi, pi. Infetior petals, pi, pi. Lateral petals. 
ct. 8tamens. c. Carpel. Fig. 932. The flower of the same. et. Stan- 

dard or vexillum. ai. Wings or aim. car. Carina or keel enclosing the 

essential organs, c. Calyx. Fig. 933. The essential organs of the same 

surrounded by the calyx c. e*. Bundle of nine stamens, el. Solitary 

stamen, st Style and stigma. Fuj. 934. The fruit of the same, with 

one valve removed. 



less deeply divided into 5 parts, the odd division being anterior. 
Petals usually 5 (Jig. 931), or sometimes by abortion 4, 3, 2, 1, or 
rarely none, inserted into the base of the calyx, equal or unequal, 
often papilionaceous (jig. 932), the odd petal, if any, posterior 
(Jig. 931, ps). Stamens definite (Jigs. 931 and 933) or indefi- 
nite, usually perigynous, or rarely hypogynous, distinct or united 
into 1, 2 (Jigs. 547 and 933), or rarely 3 bundles ; anthers versatile. 
Ovary superior, usually formed of 1 carpel (Jigs. 598 and 931), 
although rarely of 2 or 5 ; 1-celled with 1, 2, or many ovules ; 
style and stigma simple (Jigs. 598 and 933). Fruit usually a 
legume (Jigs. 663 and 684 — 686), or sometimes a lomentum (Jigs. 
681 and 687), or rarely a drupe. Seeds 1 or more, sometimes 
arillate, attached to the upper or ventral suture (Jig. 934) ; 
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albumen absent or present ; embryo {fig. 14) straight or with 
the radicle folded upon the cotyledons ; cotyledons leafy or fleshy, 
and either hypogeal or epigeal. 

Diagnosis. — Herbs, shrubs, or trees. Leaves nearly always 
alternate and stipulate, and usually compound. Flowers regular 
or irregular. Calyx inferior, 5-parted ; odd division anterior. 
Petals 5, and then often forming a papilionaceous corolla ; or 
fewer by abortion, or none, perigynous ; odd one, when prepent, 
posterior. Stamens distinct, or united into one or more bundles. 
Ovary superior, simple, 1-celled ; style simple, proceeding from 
the ventral suture. Fruit usually a legume, or sometimes a 
lomentum, and rarely a drupe. Seeds 1 or more, with or without 
albumen. This order may be usually distinguished by having 
papilionaceous corollas or leguminous fruit. 

Division of the Order and Examples of the Genera : — The order 
has been divided into three sub -orders as follows : — 

Sub-order 1. Papilionaoe,e. — P etals arranged so as to form 
a papilionaceous corolla, imbricate in mstivation, and the upper 
or odd petal exterior. Examples of the Genera : — Ulex, Trifo- 
lium, Astragalus, Yicia, Ornithopus, Onobrycliis. 

Sub-order 2. C^esalpinie^e. — P etals not arranged in a papi- 
lionaceous manner, imbricate in mstivation, .and the upper or 
odd petal inside the lateral petals. Examples of the Genera: — 
Cacsalpinia, Cassia, Tamarindus. 

Sub-order 3. Mimose^e. — P etals equal, valvate in aestivation. 
Examples of the Genera : — Mimosa, Acacia. 

Distribution and Numbers. — This is a very extensive order, and 
has some representatives in almost every part of the world. A 
considerable number of the genera are, however, confined within 
certain geographical limits, while others have a very wide range. 
As a general rule the Papilionacege are universally distributed, 
although most abundant in warm regions ; while the Cvesalpinieae 
and Mimoseee are most common in tropical regions, but many of 
the latter are also to be found in Australia. There are above 
7,000 species in this order. 

Properties and Uses. — The properties and uses of the plants 
of this order are exceedingly variable. Lindley remarks, that 
‘ the Leguminous Order is not only among the most extensive 
that are known, but also one of the most important to man, 
whether we consider the beauty of the numerous species, which 
are amongst the gayest-coloured and most graceful plants of 
every region ; or their applicability to a thousand useful pur- 
poses. The Cercis, which renders the gardens of Turkey re- 
splendent with its myriads of purple flowers ; the Acacia, not 
less valued for its airy foliage and elegant blossoms, than for its 
hard and durable wood ; the Braziletto, Logwood, and Rose- 
woods of commerce ; the Laburnum ; the classical Cytisus ; the 
Furze and the Broom, both the pride of the otherwise dreary 
heaths of Europe ; the Bean, the Pea, the Vetch, the Clover, the 
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Trefoil, the Lucerne, all staple articles of culture by the farmer, 
are so many Leguminous species. The gums Arabic and 
Senegal, Kino, Senna, Tragacanth, and various other drugs, not 
to mention Indigo, the most useful of all dyes, are products of 
other species ; and these may be taken as a general indication 
of the purposes to which Leguminous plants may be applied. 
There is this, however, to be borne in mind, in regarding the 
qualities of the order from a general point of view ; viz., that upon 
the whole it must be considered poisonous, and that those 
species which are used for food by man or animals are excep- 
tions to the general rule ; the deleterious juices of the order not 
being in such instances sufficiently concentrated to prove in- 
jurious, and being, in fact, replaced to a considerable extent by 
either sugar or starch , y In alluding to the properties and uses 
of the more important plants of this order, we shall take them 
under their respective sub-orders. 

Sub-order 1. Papilionack.e. — I n this sub-order we have included a 
number of plants which are used as nutritious food by manor other animals, 
such as Peas ( Pisvin ), Broad-beans ( Faba ), Kidney-beans, Scarlet-runners 
and Haricots ( Phaseoius ), Lentils {Lens), Pigeon-peas {Cajanus, &e.). 
The seeds of the above plants, and many others, are commonly known under 
the name of pulse, and do not need any detailed description. Lucerne and 
Medick ( Medicago ), Melilot {Melilotus), Clover ( Tn folium ), Tares and 
Vetches ( Ervum , Vicki), Saintfoin ( Onobrychis ), and main others which 
are common fodder plants in different parts of the globe, also belong to this 
sub-order, and do not require any further notice. Some plants, or pans of 
plants, which it contains, are, however, poisonous, as the roots of the Scarlet- 
runner {Phaseoius mu/tijiorus ), the roots of Phaseoius radiatus , the seeds of 
Luthyrus Aphaca , the seeds, root, and bark of Laburnums {Cytisus alpinus 
and C. Laburnum ), the seeds of Anugyris fvetida, the seeds of the Calabar 
Bean {Physostigma venenosum ), and it is also said bv some, the seeds of Abrus 
precatorius , also the seeds of the Bitter Vetch {Ervum Ervilia ), the juice of 
Coronilla varia , the leaves of some Gompholobiums , the leaves and young 
brauches of Tephrosia toxicaria , the bark of the root of Piscidia Eryihrina , 
and the parts of some other plants. 

Abrus pi ecatorius. — The seeds are used as beads for making rosaries, 
necklaces, &c. — hence their common name of prayer-beads . They are also 
employed in India as a standard of weight by Ilmdio jewellers and drug- 
gists under the name of Ketti or Rati. Each seed is estimated as equal to 
‘if’o grains. They are of a scarlet colour, with a black mark on one side, 
and are reputed to be poisonous. The roots resemble those of the Liquorice 
plant, and form an excellent substitute for them ; and lienee the names of 
fVild Liquorice and Indian Liquorice , by which this plant is known. This 
root is official in the 1 narmacopceia of India, 

AEschynomene. — The stems of JEschynomene aspera furnish the Sola or 
Shola of India. These stems are remarkably light and spongy, and are 
therefore used for making floats and buoys for fishermen, for the manufac- 
ture of very light hats, and for other purposes where elasticity and lightness 
arc necessary. A fibre called Ducliai Hemp is obtained from xEschynomene 
cannabina. 

Alhagi Maurorum , Camel’s Thorn. — This plant and other species related 
to it secrete in Persia and Afghanistan a kind of manua This substance 
is obtained by simply shaking the branches. It is highly esteemed by the 
Afghans as a food for cattle. In some parts of the East it is used as food 
for man, and as a laxative. It has been supposed to have been the manna 
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upon which the Israelites were fed in the wilderness, but such an idea?s un- 
doubtedly incorrect. (See Lecanora.) 

Andira. — The bark of Andira inermis, known as Cabbage-bark or Worn- 
bark, was formerly much used as an anthelmintic. It pos-esses cathartic* 
emetic, and narcotic properties. In large doses it is poisonous. — Andira 
anthehnintica also possesses vermifuge properties. The powder known as 
aruroba , and which lias been largely used of late years in cutaneous diseases 
under the name of Goa Powder , is also derived "from a species of Andira , 
which has been provisionally named A. Araroba. — A. retusa yields a bark 
with similar pioperties to that of the former species ; it is known under the 
name of Surinam Hark. 

Arackis hypogwa. — This plant is remarkable for ripening its legumes 
under the surface of the ground, hence it is commonly known as the Ground 
Nut. The seeds are used as food in various parts of the world, and are occa- 
sionally roasted and served up in the same manner as Chestnuts, as an 
article of dessert in this country. In the United States the roasted seeds 
are employed as a sul^titute for coffee, in the preparation of a kind of cho- 
colat e, and for other purposes. Tu^on has recommended ground-nut cake for 
the feeding of cattle. It is sometimes used for adulterating the more expensive 
feeding cakes in this country and elsewhere. The see'is yield by expression 
a fixed oil which is official in the Pharmacopoeia of India ; it is employed 
very extensively in India for cooking, &c., where it is called Katchung oil . 
The oil is also occasionally imported, or it is obtained here by expression 
from the seeds. It is known commonly as ground-nut or earth-nut oil. It is 
a very liquid oil, and is accordingly employed for watches and of her delicate 
machinery ; aHo for burning and other purposes. It forms a good and cheap 
substitute for olive oil. 

Astragalus. — A. gummifer , A. adscendens, and several other species, fur- 
nish the Gum Tragacanth of the Materia Medica, or, as it is frequently 
termed in the shops — gum dragon . it is used by manufacturers for stiffen- 
ing crape, ifco. ; and in medicine for its demulcent and emollient properties, 
and as a vehicle for the exhibition of more active substances. Tragacanth 
exudes naturally, or more especially from wounds made in the stems of the 
above-mentioned plants. The gum which is imported into Bombay from 
the Persian port of Bushire is also considered by Dymock to be derived from 
a species of Astragalus. The seeds of A. bwticus are used as a substitute 
for coffee in some p rts of Germany. 

Baptisia tinctoria. — This plant is the Wild Indigo of the United States. 
It receives its common name from yielding a blue dye resembling indigo, 
although it is of far inferior quality to that substance. The roots and other 
parts are reputed to be emetic and purgative. The eclectic remedy known 
as baptisin is obtained from this plant. 

Bowdichia virgdioidts. — The bark of this plant, with that of one or more 
species of Byrsonuna (Malpighiace*), is said to form the American Alcor- 
r.oco or Alcornoque Bark of commerce. (See Byisonima .) It is used by the 
tanners. — B. major , Mart. — The root-bark of this plant, which is a native 
of Brazil, is in great repute in rheumatism, syphilis, &c., but more especially 
in psoriasis and other skin diseases. A kind of gum resembling Senegal 
gum in appearance also exudes from the stem, and is useful in diarrhoea. 

Butea. — B.frondosa , a native of India, yields an astringent substance 
called butea gum. or Bengal Kino f which resembles the official Kino in its 
properties. (See Pterocarpus.) It is official in the Indian Pharmacopoeia ; 
it is used in diarrhoea and similar diseases, and also for tanning, 8lc.—B. 
superba and B. parvrflora also yield a similar astringent substance. The 
dned flowers of B. frondma, and those of B. superba , are known under the 
names of Tisso and Kessaree flowers. They are extensively used in India 
in the production of beautiful yellow and orange dyes, and have been im- 
ported into this country. The fibres of the inner bark of B. frondosa are 
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known under the name of Pulas cordage. The seeds of the same plant are 
also highly esteemed as a vermifuge in India ; and from these seeds the oil 
known in India as moodooga oU , which is also regarded as an anthelmintic, 
is obtained. The substance known as stick-lac is also derived from this tree. 
It is produced on the young twigs by the puncture of a species of Coccus. 
Stick-lac is used in the preparation of sealing wax. and in dyeing, &c. 

Castanospermum australe. — The seeds when roasted are said to resemble 
in flavour tne chestnut, but they are very inferior to it. The plant is a 
native of Moreton Bay, in Queensland, hence the seeds are called Moretou 
Bay Chestnuts. 

Cicer arietinum. Chick Pea ; Bengal Gram. — The seeds are very largely 
used in India as food for cattle, &c. An acid liquid exudes from the 
hairs of the stem, and other parts ; it is employed as a refrigerant by 
the natives of India. 

Clitorin Ternatea. — The seeds of this Indian climber have been used with 
success as a purgative. 

Colutea arborescens y Bladder-Senna. — The leaflets have been employed 
on the Continent to adulterate Alexandrian Senna. They are at once dis- 
tinguished from Senna leaflets by their regularity at the base. 

Coronilla Emerus lias cat hartic leaves. They have been used to adulterate 
Senna on the Continent. They form the Sene Sauvage, or Wild Senna of 
France. 

Crotalaria juncea is an Indian plant which furnishes a coarse fibre called 
Sunn , Sun , Shunum, Taag, Bengal Hemp , <$tc. In Bombay and Madras 
this fibre is used as well as jute for making gunny bags. (See Corc/iorus 
capsular is.) Sunn is sometimes confounded with Sun nee. a fibre obtained 
from Hibiscus cannabinus. (See Hibiscus cannabinus.) — Crotalaria tenuifolia , 
another Indian plant, now sometimes regarded as only a variety of C. juncea , 
is the source from whence Jubbulpore Hemp is derived. 

Cyclopia. — The leaves of some species of this genus arc used as substi- 
tutes for China lea at the Cape of Good Hope under the names of Ilonig-thee , 
Cape Tea , and Bush Tea. According to Henry C. Greenish and others, these 
species are probably C. longijblia, C. galeoides , C. genistoides , aiut C. brachypoda. 

Dalbergia. — Several species of this genus are good timber trees. The 
most valuable of them all is D. Sissoo. In India its wood is called Sissoo 
and Sissum. East Indian Rosewood, or Black Wood, is obtained from D . 
lati folia. According to Dr. Allemao, of Brazil, the best Rosewood of com- 
merce is derived from 1). nigra , a native of Brazil ; and other qualities from 
species of Machwrium. (See Triptolomwa.) 

Diptetyx. — The seeds of D. udorata , a native of Guiana, have a very 
powerful and agreeable odour, which is due to the presence of Coumarin. 
'They are used for sceuting snuff and in perfumery, and are commonly 
known under the name of Tonquin or Tonka Beans. Coumarin is also 
present in other plants of this sub-order, as in the seeds and flowers of 
Melilotus officinalis and M. cserulea. Fragrant seeds are also obtained from 
1). eboensis. They are the Eboe-nuts of the Mosquito Coast ; they yield a 
fatty oil. 

Genista tinctoria f tne Dyer’s Broom, yields a good yellow dye, or when 
mixed with Woad ( Isatis tinctona ), a green. (See Isatis .) 

Geoffrey a vermijfuga, G. spinulosa, and other species, possess barks which 
have similar properties to those from the species of Andira. (See Andira.) 

Glycyrrhiza. — The roots or underground stems of G. glabra , the Common 
Liquorice plant, as well as those of other species or varieties, particularly 
G. echinata and G. glandulifera, possess a remarkably sweet taste, which is 
especially due to the presence of a peculiar glucoside to which the name of 
Glycyrrhizin or Glycion y has been given. Extract of liquorice root is 
imported in very large quantities into this country under the name of 
liquorice juice , or Spanish or Italian juice , from the countries whence it is 
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obtained. The Spanish juice is prepared from G. glabra ; the Italian from 
G. echinata. The root and extract of liquorice are employed in medicine 
as flavouring substances, and for their demulcent and emollient properties. 
Various preparations of liquorice are commonly kept in the shops, and sold 
under the names of pipe liquorice, Pontefract lozenges , extract of liquorice , 
Solazzi juice, &c. 

lndigofera tinctoria, I. cserulea, and some other species, when subjected 
to a peculiar process, yield commercial indigo, one of the most important of 
dyeing materials. It has been introduced ini*) the British Pharmacopoeias 
as a test agent. It is very poisonous, although in proper doses it has been 
employed in epilepsy and amenorrhcea, but its value in such diseases is by 
no means well established. 

Lens escnlenta. — The seeds are commonly known under the name of 
Lentils , which have been esteemed from the earliest periods on account of 
their value as an article of food. 

Machmrium . — M. firmum , 31. legale , and probably other species, are said 
to be the source of the inferior kinds of Rosewood, (See Dalbergia and 
Triptolomeea.) 

31elilotus officinalis. — The flowers and seeds of this and other species 
possess a peculiar fragrancy, which is due to the presence of Coumarin. 
They are used to give flavour to the * Schabzieger,’ a hard cheese used for 
grating. 

3Iucima. — The hairs covering the legumes of 31. pruriens or 31. prurita, 
a native of the East and West Indies, are sometimes used as a mechanical 
anthelmintic, under the name of Cowhage or Cow-itch. An infusion of the 
root of 31. pruriens has been also employed in India as a remedy for cholera. 
The young legumes are also cooked and eaten. — 31. urens and M. altissima 
furnish a black dye. 

3Iyroxylon or 3Iyrospermum. — Balsam of Tolu is obtained from the stem 
of 3'Iyroxylon Toluiferum ( Toluifera lialsamum ), by incision. It possesses 
mild stimulant and expectorant properties, and is used in chronic bronchial 
affections. It is also employed iu perfumery, and as an ingredient in fumi- 
gating pastilles. Balsam of Peru is obtained from 31. Pereiree ( Toluifera 
Pereirai), a native of the Balsam Coast of the State of San Salvador, in 
Central America. It is a fluid balsam, which exudes lroin the tree after 
the bark has been first beaten and charred by the application of lighted 
torches or bundles of burning wood, and subsequently removed. Balsam of 
Peru has similar properties to Balsum of Tolu, but it is far less frequently 
employed. Balsam of Peru is sometimes known in commerce under the 
names of Sousonate or St. Salvador Black Balsam. Two other medicinal 
products are also derived from 31. Pereira •, namely, White Balsam, which 
is obtained by pressiug without heat the interior of the fruit and seeds ; and 
Balsamito, or Essence or Tincture of Viigin Balsam, which is made by 
digesting the fruit (deprived of its winged appendages) in rum. A peculiar 
crystalline substance has been obtained by Stenliouse from White Balsam, 
to which he lias given the name of 3'lyroxocarpin. — 31.peruiferum , a native 
of Ecuador, Peru, and Brazil, and which was long erroneously regarded as the 
botanical source of Balsam of Peru, yields a fragrant balsam not unlike 
Balsam of Tolu, called at Kio ‘Olea vermelho.’ 

Orobus tuberosus. — The roots are occasionally eaten in the Highlands of 
Scotland, and in Holland, 

Physostigma venenosum. Calabar Bean. — The seeds of this plant have 
been known for some years under the name of the Ordeal Beans of Old Calabar, 
from their use in that country for trial by ordeal. They are very poisonous, 
acting as a powerful sedative of the spinal nervous system. Calabar Beans 
have been introduced into the British Pharmacopoeia, and in the form of an 
extractor some other suitable preparation, have been extensively employed 
as a local application to the eye to cause contraction of the pupil. The 
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seeds, &c., have also been administered internally in tetanus, chorea, and 
some other nervous affections ; and also in the treatment of strychnia 
poisoniug. The seeds, described by Holmes as the produce of another species 
named P. cylmdrosum , do not differ in any very important characters from 
those of P. venenosnm, and the two plants do not appear to be specifically 
distinct. Both kinds of seeds are found in the Calabar Beans of commerce. 

Pongamia glabra. — The seeds yield an oil by expression, which is a 
favourite application in India in rheumatism, and several cutaneous dis- 
eases. 

Psoralea glandu/osa. — The leaves are used in Chili as a substitute for 
Paraguay tea. 

Pterocarpus. — P. Marsupium is the source of our official Kino. This is 
known under the names of East Indian, Amboyna, or Malabar Kino, or in 
the shops as Gum Kino. It is a valuable and powerful astringent. — P. eri - 
naceus, a native of West Africa, yields a similar astringent substance called 
African Kino. East Indian Kino is that commonly met with in this country. 
Some other species appear to yield similar products. — Med Sandal or lied 
Sanders Wood is obtained from P. santalinus. It is used in medicine 
as a colouring agent and astringent, and also by the dyer for the produc- 
tion of red and scarlet dyes. It contains a peculiar colouring matter 
called Santa/in or Suntalic acid. — P. dalbergioides is said to yield the 
Andaman Red Wood. It is a valuable timber tree, and is also useful as 
a dyeing material. The bark of P. fiavus is used in China for dyeing 
yellow. — P. Draco is one of the plants from which the Dragon’s Blood of 
commerce is obtained. This is sometimes, but improperly, called Gum 
Dragon. The true Gum Dragon of the shops is yielded by species of Astra- 
galus. (See Astragalus.) 

Robinia Pseud-acacia is the North American Locust-tree. It is fre- 
quently cultivated in Britain on account of its ffowers and its hard and 
durable wood. 

Sarothamnus . — N. scoparius or Cytisus scoparius, is the common Broom ; 
the seeds and tops in small doses are diuretic and laxative, and in large 
doses purgative and emetic. — Sarothamnus junceus or Spartium junceum , 
the Spanish Broom, has similar properties. The fibre has also been used 
from an early period in many parts of Southern Europe for the manufacture 
of a coarse kind of cloth for home use ; it has been lately much talked of 
in Italy, and a patent has been taken out for preparing the libre. 

Soja hispida or Glycine Soja. — The seeds are largely used in China, 
Japan, India, &c., in the preparation of the sauce called by the Japanese 
Sooja , and by us known as Soy. The seeds are also consumed in immense 
quantities by the Japanese, as a vegetable. 

Sophora japonica. — The dried flower-buds are extensively used in China 
for dyeing yellow. They are known under the name of Wai-fa. 

Tephrosia Apollinea and T. toxicaria are used in Africa for the prepara- 
tion of a blue dye resembling indigo. Several species of Tephrosia, parti- 
cularly T. toxicaria, are employed as fish poisons. They stupefy the fish, 
which are then readily taken by the hand. It has been thought by some, 
that T. toxicaria would act on the human system like Digitalis, and lienee 
might be used as a substitute for it in those* parts of the world where that 
plant is not a native. The leaflets of T. Apollinea are sometimes employed 
in Egypt to adulterate Alexandrian Senna. They may be readily dis- 
tinguished from Senna leaflets by their silky or silvery appearance, and by 
being equal-sided at the base. 

Trigonella Pcenum-Greecum. — The powdered seeds of this plant are used 
in veterinary medicine under the name of Fcenvgreek. They are also employed 
as an ingredient of curry powder ; and for flavouring, &c. the so-called con- 
centrated cattle foods. In India they are largely used by the natives both 
as food and medicine ; whilst the fresh plant is consumed as a vegetable. 
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Triptolomsea. — The true Rosewood of cabinet-makers, which is imported 
from Brazil, has been generally regarded as the produce of one or more 
.species of this genus, but this is now said to be derived from a species of 
JJalbergia, &c. (See Dallmrgia.) 

Voandzea. — The seeds of this plant resemble thoseof the Arachis hypngeea 
in being edible. They are boiled and eaten as peas. Their native name in 
Surinam is Golibe. 

Sub-order 2. C.esalpinieas. — T he plants of this sub-order are princi- 
pally remarkable for their purgative properties. Many important dye- 
woods and several tanning substances are also obtained from plants belong- 
ing to it. The fruits of seme again are edible, and none possess any evident 
poisonous properties. 

Baphia nitida , a native of Sierra Leone and other parts of Africa, fur- 
nishes the dye-wood known under the name of Barwood or Camwood. This 
wood produces a brilliant red colour. 

Bauhinia. — B. Vafdii , B. racemosa , and B.parmjlora furnish fibres which 
are used in making ropes. — B . retusa produces a kind of gum. — B. variegata 
has an astringent bark, which is used in medicine, and for tanning and 
dyeing leather. The buds and dried flowers of B. tomentosa are also astrin- 
gent, and are employed in dysentery, &e. Other species of Bauhinia are 
used in Brazil for their mucilaginous properties. 

Csesalpinia. — The twisted legumes of C. coriaria are powerfully astrin- 
gent ; they are extensively med in tanniug under the name of Divi-dtvi or 
Libi-dibi. The legumes of C. Papai are emploied for a similar purpose, 
but they are very inferior to them ; they are called Pi-pi. The powdered 
legumes of C. coriaria have b'-en used with some success in India as an as- 
tringent and antiperiodie. — C. Sappan furnishes the Sappan, Bookum, or 
Bukkum-wood of India. It is used for dyeing red. The roots of the same 
tree, under the names of Yellow-wood and Sappan-root, are sometimes im- 
ported from Singapore, and employ ed for dyeing yellow. Sappan wood is 
also a useful astringent, somewhat resembling Logwood in its effects. — C. 
echinata furnishes Nicaragua, Lima, or Peach-wood, which is very exten- 
sively used in dyeing red and peach-colours. — C. crista is the plant from 
which Brazil-wood is obtained. It is employed for dyeing yellow, rose- 
colour, and red. — C. brasiliensis furnishes another dyewood, called Braziletto- 
wood, which produces fine red and orange colours. The exact species fur- 
nishing the above three dyewoods cannot, however, be said to have been 
altogether ascertained. 

Cassia. — The species of this genus are generally characterised by purga- 
tive properties. The leaflets of several species furnish the different varieties 
of Senna. The official kind, known commonly as Alexandrian Senna, is said 
in the British Pharmacopoeia to be derived from Cassia l dnceolata of Lamarck, 
and C. obovata of Colladon ; but it is now referred commonly by botanists 
to C. acutifolia of Delile, and C. obovata of Colladon. This is the kind 
generally most esteemed in this country ; but it was formerly much 
adulterated with the leaves, fiuits, &c., of other plants. The Common Past 
Indian , Aralnau , Mocha or Bombay Senna is derived from C. ungustifolia , 
Yahl. Tinnivelly Senna is furnished by the same plant cultivated in 
Southern India. In the British Pharmacopoeia Tinnivelly Senna is referred 
to C. e/ongata, Lemaire ; it is a very fine kind. The above three varieties 
are those generally used in England ; but the Alexandrian and Tinnivelly 
kinds are alone official in the British Pharmacopoeia. The Italian and Jamaica 
kinds of Senna are both derived from C. obovata. American Senna, which 
is one of the kinds official in the United States Pharmacopoeia, is obtained 
from C. marilandica. — Cassia Fistula. — The fruit, which is divided into a 
number of cells by spurious dissepiments, contains a blackish-brown viscid 
pulp with a sweetish taste, which possesses laxative and purgative properties. 
This pulp is official. The root is also said to be a powerful purgative, — (7. 
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brasiliana (C. grandis ) has a larger, longer, and rougher fruit, which also 
possesses purgative properties. It is commonly used in veterinary medicine, 
and is known as Horse Cassia. The fruit of C. moschata is the Small American 
Cassia of the French Pharmaeiens. It is occasionally imported. The pulp 
has similar properties to the two former, but is more astringent. The bark 
of C. auricu/ata is said by Roxburgh to be employed for tanuing and dyeing 
leather. It has also been used instead of oak bark in the preparation of 
astringent gargles, & c. The seeds are also regarded as a valuable local ap- 
plication in certain forms of ophthalmia. The flowers are also used for dve- 
ing yellow. The powdered seeds of C. absus, , under the name of Chichm , 
are used in Egypt as a remedy in ophthalmia. They are also employed for 
a similar purpose in India. The leaves of C. alata are held in great esteem 
in the East Indies and elsewdiere as a local application in skin diseases ; and 
the leaves of C. Sophora, C. occidentalism and C. Tor a, are said to possess 
similar properties. 

Ceratonia Siliqua. — The ripe fruit is known under the names of Carob, 
Locust, and St John’s Bread. Its pulp has a very sweet taste, and is sup- 
posed to have been the food of St. John in the wilderness. The Carob Bean 
contains about 63 per cent, of sugar when in a dried state, and upwards of 
20 per cent, of other respiratory and fat-producing principles, and about 1 
per cent, of oil. Hence it is especially adapted for fattening purposes, and 
is now largely imported into this country as a food for cattle. It is 
said that the small seeds of this plant formed the original carat weight of 
jewellers. 

Codarium ( Dialium ) acuii folium and C. obtusifolivm yield fruits which 
are known under the names of Brown and Velvet Tamarinds. They are 
both natives of Sierra Leone. The pulp of both species is eaten, and has an 
agreeable taste. 

Copaifera. — Several species of this genus, as C. Langsdorfli, C. officinalis, 
C. guianensis , C. coriacea , &c, yield the oleo- resin comnionlv known under 
the name of Balsam of Copaiba ; but it is improperly so called, as it contains 
neither benzoic nor cinnamic acids, the presence of* at least one of which sub- 
stances is necessary to constitute a true balsam. Copaiba is obtained by 
making incisions into the stems of the trees. Copaiba is said in the British 
Pharmacopoeia to be derived from C. multij i/ga, but no such species is known 
to botanists. — C. pubi flora, and probably C. bracteata also, furnish the Purple 
Heart or Purple Wood of Guiana, wTiich is largely employed for making 
musket-ramrods, &c. — C. Guibourtiana or Guibourtia copallifera, is the 
principal, if not the sole, source of the copal resin of Sierra Leone. Dr. 
Welwitsch has, however, expressed his belief that all West African copal, 
and probably all gum resin exported under this name from Tropical Africa, 
may be looked upon as a fossil rerin, produced in times past bv trees 
which at present are cither entirely extinct or exist only in a dwarfed 
posterity. (See Ilymensea and Trachylobium.') 

Dialium indicum yields a fruit called the Tamarind Plum, the pulp of 
which has an agreeable slightlv acidulous taste, somewhat resembling that 
of the common Tamarind. (See Codarium .) 

Guilandina ( Ccesalpinia ) Bonducella, the Nicker Tree. — The seeds are 
very bitter, and possess mic and antiperiodic properties. They are oftioial 
in the Pharmacopoeia of India, and have been employed w r ith success in in- 
termittent fevers, &c. The seeds are also used for necklaces, rosaries, &c. 
The bark of the root likewise possesses bitter and tonic properties. 

lleematoxylon campechianum. — The heart-wood is employed in dyeing, 
and as an astringent and tonic in medicine. It is commonly known 
under the name of Logwood. It contains a crystalline colouring principle 
called hmmatoxylin, to which its properties are essentially due. 

Hymenseu. — H. Courbaril , the West Indian Locust-tree, is supposed to 
furnish Gum Anime or East Indian Copal, but upon no reliable authority. 
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Some of the East Indian Copal is, however, probably obtained from H. ver- 
rucosa. Mexican Copal is also supposed to be derived from a species of 
Hymen&a. (See Copaifera and Trachylobinm.) The inner bark of H. 
Courbaril is reputed to possess anthelmintic properties. The seeds of the 
same plant are imbedded in a mealy substance, which is sweet and pleasant 
to the taste ; and from the liquor obtained bv boiling them and the pulp in 
water, and subsequently allowed to undergo fermentation, an intoxicating 
beverage is procured. This tree grows to a large size, and its timber, 
under the name of Locust-wood, is used by ship-carpenters. 

Mora ercelsa. — This plant, which is a large tree, a native of Guiana, 
furnishes the Mora Wood employed largely for ship-building. The bark is 
astringent, and useful for tanning. 

Parkinsonia aculeata. — Useful fibres are obtained from the stems of this 
plant. 

Poinciana pulcherrima . — The roots arc said to be tonic, and the leaves to 
have purgative properties. 

Swartzia tomentosa,, the Bully-tree, a native of Guiana, yields a hard 
and durable wood, called Beefwood. 

Tamarindus indica. — The fruit is the well-known Tamarind. It con- 
tains an agreeable, acidulous, sweet, reddish brown pulp, which, when 
preserved in sugar, or in its pure state, is employed medicinally in the pre- 
paration of cooling laxative drinks, and in other ways. 

Trachylubium. — Dr. Kirk has shown that T. mossamhicense is the 
botanical source of the kind of Zanzibar Copal known as ‘ Sandarusi-m’ti,’ 
Tree Copal. He also believes that the Copal known in the English market 
as ‘ Anim^,’ the most valuable of all, and which ‘ is now dug ’ from the soil, 
is the produce of extinct forests, but probably derived originally from 
the same species of Trachylobium. Sir Joseph Ilooker exhibited specimens 
of Fossil Copal at a meeting a few years since of the Linnean Society, from 
T. Hornemannianum. This and other kinds of Copal are used in the pre- 
paration of varnishes. Brazilian Copal is said by some to be derived from 
T. Martianum and several species of Hymen&a, but on no reliable authority. 
The origin of the kind of Copal known as Angola Copal is at present unde- 
termined. It has been referred to T. Martianum , but this tree lias never 
been found in Africa. (See Hymnara and Copaifera.') 

Sub-order ,1. MriviosKtf. — The plants of this sub-order are chiefly re- 
markable for yielding gum and astringent substances. Some few are 
reputed to be poisonous, as Acacia varians, the root of a Rrazilian species of 
Mimosa , the leaves and branches of Prosopis utilifiora , the bark of Erythro- 
phlceum guineense, &c. 

Acacia — Various species of this genus yield gum, to which the common 
name of Gum Arabic is applied ; but this is a misnomer, ns very little gum 
is collected in, and none appears to be exported from, Arabia. The more 
important varieties now known in the London market are as follows : 
Rordofan, Picked Turkev, or White Sennaar Gum, which is derived from A. 
Senegal ( Verek ) ; Senegal Gum, also from A. Senegal ; Suakin Gum.Talea 
or Talha Gum, from A. stenacaipa and A. Seyal , Delile, vnr. Fistula ; 
Morocco, Mogadore, or Brown Barbary Gum, from A. arabica. Willd. ; Cape 
Gum, principally from A. horrida (A. capensls) ; East India Gum, from 
A. arabica , and other species; and Australian or Wattle Gum, from 
various species, as A. pycnantha, A. decurrens , A. dealbata , and A. homalo- 
phylla ; but the botanical sources of some of these commercial varieties can- 
not as yet be said to have been accurately determined. The extract 
prepared* from the duramen or inner wood of Acacia Catechu furnishes a 
kind of Catechu or Cutch, a powerfully astringent substance, containing much 
tannic acid, and largely employed in the processes of tanning and dyeing, 
and also to some extent in medicine. (See Uncaria Gambir.) The dried 
legumes of A, nilotica are imported under the names of Nth-neb , Nib-nib, or 
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Bablah. and are also used by tanners on account of their astringent proper • 
ties. The bark of A.arahica possesses similar properties, and is used exten- 
sively in India under the name of Babul Bark as a substitute for oak bark. 
The barks of several other species which are natives of the East Indies possess 
similar astringent properties. The extract of the bark of A. melanoxylon , 
an Australian species, is also a valuable tanning substance, and is frequently 
imported into this country for that purpose. The bark is also sometimes 
imported under the nameof Acacia Bark. — A.formom , a native of Cuba, 
furnishes a very hard, tough, and durable wood, of a dull red colour, called 
Sabictt. This is the wood that was used in constructing the stairs of the 
Cn stal Palace in Hyde Park, at the Great Exhibition in 1851, and which 
upon removal was found to b“ but little worn. The flowers of A. Farnesiana 
are very fragrant, and when distilled with water or spirit, yield a delicious 
perfume. This plant also vields a valuable gum. — A. Seval is supposed to 
be the Shittah-trce or Shittim-wood of the Bible. By others, however, the 
plant yielding this wood has been thought to have been A. vera , and by 
some A. horrida . The first is probably correct. 

Adenantht ra pavonina, a native of India, Sec., produces a dye-wood, called 
Bed Sandal wood. This must not be confounded with the Bed Sandal-wood 
already alluded to, as being derived from Pterocarpus snntalinus. The seeds, 
under the name of Barriearri seeds, are used in the northern parts of South 
America for making necklaces, &c. They are perfectly smooth, and have a 
bright red colour. 

F ryth rapid a>um quineense. The Sassv Tree of Western Africa.— The bark, 
under the name of ‘ordeal bark’ or ‘doom bark.’ is used in certain parts of 
Africa as an ordeal, to which persons suspected of w itchoraft, secret murder, 
Ac., are subjected as a test of their innocence or guilt. It is also used for 
poisoning arrow's. It is also know r n under the names of Sam sy, Casca , Casta, 
and Mancmut Bark. It has been lately recommended as a remedial agent, 
but the experiments of I)r. Lauder Brunton have been unattended with 
marked results. 

P n utopia . — The legumes of P. pallida and some other species are very 
astringent, and have been used in tanning under the name of Algarohilla. 
The legumes of P. dutch and other species or varieties found in South 
America, &c., have a sweetish taste, resembling the Carol) Beans ( Ceratania 
Sillqua ), and like them are used as a food for cattle, under the name of 
Ak orobo ; and a drink palled Cbica is also prepared from them. The name 
of Chica was at first given to a fermented liquor of the Maize, but is now 
commonly applied in South America to several fermented drinks. The 
legumes of P. pubescent, under the name of Mo&quit or Screw Bean , are 
largely used for feeding cattle in Arizona. A gum also exudes from the 
stems, resembling that of Gum Arabic; it is employed in Texas and 
Arizona medicinally, and for technical purposes. 

Natural Order 81. Moringace^:. — T he Moringa or Ben-nut 
Order. — Character. — Trees with bi- or tri-pinnate leaves, 
and deciduous coloured stipules. Flowers white, irregular. 
Sepals and petals 5 each ; the former deciduous, petaloid, and 
furnished with fleshy disk ; estivation imbricate. Stamens 8 
or 10, placed on the disk lining the tube of the calyx in two 
whorls, the outer of which is sometimes sterile ; anthers 1-celled. 
Ovary stalked, superior, 1-celled, with 3 parietal placentas. 
Fruit long, pod-shaped, capsular, 1-celled, 3-valved, with locu- 
licidal dehiscence. Seeds numerous, without albumen. 

Distribution and Numbers. — Natives of the East Indies and 
Arabia. There is only one genus (Moringa), and 4 species. 
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Properties and Uses . — Pungent and slightly aromatic proper- 
ties more or less prevail in plants of the order, hence they have 
been employed as stimulants. 

Moringa pterygosperma . — The root resembles that of Horseradish in its 
taste and odour, and has been used internallv as a stimulant and diuretic, 
and locally when fresh, as a rubefacient and vesicant. A hind of pum 
somewhat resembling Tragacanth exudes from the bark when wouuded. 
Its seeds are called in France Pois Qurniques and Chicot , and in England 
Ben-nuts. They yield a fixed oil called Oil of Ben, which is occasionally 
used bv painters, and also bv perfumers and watchmakers. The wood has 
been supposed, but on no reliable authority, to be the lignum nephriticum of 
the old materia medica writers. 


N atural Order 82. Ros ace^e. — The Rose Order. — Character. 
— Trees , shrvbs , or herbs. Leaves simple {fig. 303) or compound 
(fig. 373), alternate (fig. 284), usually stipulate (figs. 303 and 
373). Flowers regular, generally hermaphrodite {figs. 935 — 
938), rarely unisexual. Calyx monosepalous {figs 471 and 930), 
with a disk either lining the tube or surrounding the oritice, 4- 


Fio. 93G 



Fiq. 935 Diagram of the flower of a species of Tlo-e, with five sepals, five 

petals, numerous stamens, and many distinct curpels. Fig. 930. Vertical 

section of the flower. 

or 5-lobed, when 5 the odd lobe posterior {fig. 935), sometimes 
surrounded by a whorl of bracts forming an involucre or epicaly x 
( fig. 451). Petals 5 {fig. 471, p, and 935), perigynous, rarely non e 
{fig. 940). Stamens definite {fig 940) or numerous, perigynous 
(figs. 936 — 938), anthers (fig. 939) 2-celled, innate, dehiscing 
longitudinally. Ovaries 1 (fig. 940), 2, 5, or numerous (figs. 
935 and 936), 1-celled (figs. 940 and 943), usually apocarpou s 
and superior (fig. 935, 936), or sometimes more or less com- 
bined together, and with the tube of the calyx, and thus be- 
coming inferior (fig. 938) ; styles basilar (figs. 634 and 940), 
lateral (fig. 633), or terminal (fig. 937) ; ovules 1 (fig. 943) or 
few (fig. 938). Fruit various, either a drupe (figs. 688 — 690), 
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an achaenium, a follicle, a dry or succulent etaerio (figs. 656 and 
720), a cynarrhodum (fig. 449), or a pome (figs. 468 and 714). 
Seeds 1 (figs. 941 and 942) or few (fig. 468), exalbuminous ; em- 
bryo straight, with flat cotyledons. 


Fig. 940 . Fig. 938 . 



Fig. 937. Vertical section of the flower of the Peach. Fig. 938. Vertical 

section of thcflowerof the Quince ( Fyrus Cydonia). Fig. 939. Innate 

anther with pai’t of tlio filament of a species of Rubus. Fig. 940. 

Vertical section of the flower of Afchemilln. Fig. 941. Vertical section 

of the fruit of the Cherry, ep. Epicarp. me. Mesoearp. en. Endocarp, 

within which is the r ?ed. Fig. 942. Vertical section of an achsenium 

of the Rose. Fig. .>43. Vertical section of the ovary, o, of a species of 

Rubus , with the ovule, ov. 


Diagnosis. — Trees, shrubs, or herbs, with alternate leaves. 
Flowers regular. Calyx 4— 5-lobed ; when 5, the odd lobe pos- 
terior. Petals 5 or rarely none. Stamens perigynous, distinct ; 
anthers 2-celled, innate. Carpels one or more, usually distinct or 
sometimes united ; generally superior or occasionally more or 
less inferior. Seeds 1 or few, exalbuminous ; embryo straight. 

M M 
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Division of the Order and Examples of the Genera.— The order 
Rosaceae, as above defined, may be divided into five sub-orders, 
which are by some botanists considered as distinct orders. They 
are characterised as follows 

Sub-order 1. Chrysobalanex. — Trees or shrubs , with simple 
leaves and free stipules. Carpel solitary, cohering more or 
less on one side with the calyx ; ovules 2, erect ; style basilar. 
Fruit a drupe. Seed erect. Examples: Chrysobalanus, Mo- 
quilea. 

Sub-order 2. Amygdalex or Drupaceee . — Trees or shrubs , with 
simple leaves and free stipules. Calyx deciduous. Carpel 
solitary, not adherent to the calyx ; style terminal. Fruit a 
drupe. Seed suspended. Examples: Amygdalus, Prunus. 
Sub-order 3. Rose re. — Shrubs or herbs , with simple or compound 
leaves and adherent stipules. Carpels 1 or more, superior, 
not united to the tube of the calyx, distinct or sometimes 
more or less coherent ; styles lateral or nearly terminal. Fruit 
either an etrerio or consisting of several follicles. Seed usually 
suspended or rarely ascending Examples : Rosa, Rubus, 
Brayera, Quillaia. 

Sub-order 4. Sangnisorbese. — Herbs or uudershrubs. Flowers 
often unisexual. Petals frequently absent. Carpel solitary ; 
style terminal or lateral. Fruit an achaonium inclosed in the 
tube of the calyx, which is often indurated. Seed solitary, 
suspended, or ascending. Examples: Alchemilla, Sanguisorba. 
Sub-order 5. Pomex. — Trees or shrubs, with simple or compound 
leaves and free stipules. Carpels 1 to 5, adhering more or less 
to each other and to the sides of the calyx, and thus becoming 
inferior ; styles terminal. Fruit a pome, 1 — 5-celled or rarely 
spuriously 10-celled. Seeds ascending. Examples : Cydonia, 
Pyrus, Crataegus. 

Distribution and Numbers. — The Chrysobalanese are princi- 
pally natives of the tropical parts of America and Africa. The 
Amygdalex are almost exclusively found in the cold and tempe- 
rate regions of the northern hemisphere. The Rosex and San- 
guisorbex are also chiefly natives of cold and temperate climates, 
although a few are found within the tropics. The Pomex occur 
only in the cold and temperate regions of the northern hemi- 
sphere. The order Rosaceae comprises about 1,000 species, of 
which about one-half belong to the sub- order Rosece. 

Properties and Uses. — The plants of the order are principally 
remarkable for their astringency, and for their succulent edible 
fruits. The seeds, flowers, leaves, and young shoots of many of 
the Amygdalex and Pomex , when moistened with water, yield 
Hydrocyanic acid ; hence the parts of such plants are sometimes 
poisonous. All other Rosaceae are entiiely devoid of poisonous 
properties. 

Sub-order 1. Chrysobalane^s. — M any plants of this sub-order produce 
edible drupaceous fruits. 
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Chrysobalanus. — The fruit of C. Icaco is edible. It is known in the 
West Indies under the name of the Cocoa-plum. The fruit of C. luteus is 
also eaten in Sierra Leone. The root, bark, and leaves of C. Icaco are 
employed in Brazil as a remedy in diarrhoea and similar diseases. 

Parinariunu — P . excelsum yields an edible fruit which is known in 
Sierra Leone under the name of the Rough-skinned or Gray Plum. The 
kernels of P. campestre and P. montanum are likewise reputed to resemble 
the Almond in flavour. 

Sub-order 2. Amygdaleae or Prupaceas. —This sub-order is remark- 
able from the parts of many of its plants \ielding when moistened with 
water, hydrocyanic acid. Their barks also frequently possess astringent and 
febrifugal properties, and yield a kind of gum ; while many, again, have 
edible fruits and seeds. 

Amygdalus. — A. communis or Prunus Amygdala s is the Almond-tree, of 
which two varieties are commonly distinguished from the varying nature of 
their seeds, under the names of A. communis var. dulcis , and A. communis 
var. aniara, both of Avhich are oflicial in the British Pharmacopoeia. There 
are however no definite botanical characters distinguishing the Sweet and 
Bitter Almond trees ; they cannot therefore, in spite of the different quali- 
ties of their seeds, be properly separated even as varieties. The seeds of 
the former so-called variety, on account of their taste, are known as Sweet 
Almonds; and those of the latter as Bitter Almonds. The Almond-tree is a 
native of Morocco, Syria, Persia, and Turkestan; it is also extensively 
cultivated in the southern parts of Europe for the sake of its seeds. Sweet 
Almonds yield by expression a fixed oil commonly known as Oil of Almonds. 
They also contain sugar, and two albuminous substances called amandin , 
and synajdase or ernulsin . The cake left after the expression of the oil, 
when dried and powdered, is known under the name of Almond-powder. 
Bitter Almonds yield a similar oil by expression. They also contain 
ernulsin , and, in addition to the other ordinary constituents of Sweet 
Almonds, a crystalline substance called amygdalin. When bitter almonds 
are moistened with water, the ernulsin acts as a kind of ferment upon the 
amygdalin, and the result is the formation of a volatile oil containing hydro- 
cyanic acid, which i9 known as the Kssent'ud Oil of Bitier Almonds . The 
presence of hydrocyanic acid renders this oil very poisonous, but this is not 
the case when the acid is separated from it. Bitter Almonds and their 
essfntial oil are extensively employed for flavouring by the cook and 
confectioner, and also for scenting soap and for other purposes by the per- 
fumer. The cake left after expressing the oil is frequently used for fattening 
pigs and for other purposes. — A. persica is the Peach-tree of our gardens, 
and a varioly of the same species, produces the Nectarine. The flowers of 
A. persica have been employed as a vermifuge, and the leaves for flavour- 
ing, and also as a vermifuge. The kernels may be used for the same pur- 
poses as the Bitter Almond. All these parts, as well as the bark, possess 
poisonous properties owing to the formation of hydrocyanic acid. 

P/unus. — P. domestica and its varieties produce the well-known fruits 
called Plums, Greengages, and Damsons. When dried, plums are termed 
Prunes or French Plums. — P. spinosa is the common Sloe or Blackthorn, 
and P. insititia, the Bull ice. — P. armeniaca is the Apricot. The barks of 
P. spinosa md P. Cucomilia have febrifugal properties. The leaves of P. 
spinosa are sometimes used for adulterating the black tea of China. A 
mixture consisting of the leaves of P. spinosa and those of Fragaria collina , 
or F. vesca, in the proportion of one-third of the former to tw o-thirds of the 
latter, is said to form a good substitute for China Tea. 

The following plants are frequently considered by botanists to constitute 
a distinct genus, which is termed Cerasus t but the species comprised in it are 
now more commonly included under Prunus. Several species or varieties 
produce the fruits called Cherries : thus, P. virginiana of Miller is the Wild 
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Black Cherry of the United States ; P. avium the Wild Cherry; P. Padus 
the Bird Cherry; and P. Virginiana of Linnaeus, the Choke Cherry or 
Choke-berry. The latter is one of the fruits used commonly for mix- 
ing with Pemican. (See Amelanchier.) The leaves, bark, and fruit of 
the Pr anus J.auro-cerasus, the Common Laurel or Cherry-laurel, are poison- 
ous. Their poisonous properties are due to the production of a volatile 
oil containing hydrocyanic acid when they are moistened with water. 
Cherry-laurel water is anodyne and sedative in its action, and may be 
employed in all cases where the use of hydrocyanic acid is indicated. It is, 
however, very liable to vary in its strength. It is official in the British 
Pharmacopoeia, and is prepared by the distillation of the fresh leaves with 
water. The bark of P. virginiana of Miller (Prunvs serotina , Ehih.) is 
official in the United States Pharmacopoeia, and is much valued as a 
remedial agent. It is regarded as tonic, calmative of nervous irritability, 
and as an arterial sedative. The kernels of P. occidentals and other species 
are used for flavouring liqueurs, as Noyau, Cherry-brandy, Maraschino, &e. 
A gummy exudation somewhat resembling tragacanth takes place more or 
less from the stems of the different species of Prunus. 

Sub-order 3. Roseje. — The Rosete are chiefly remarkable for their 
astringent properties. Many yield edible fruits, and some very agreeable 
perfumes. 

Agrimonia Fvpatoria has been used rs a vermifuge and astringent. 

Braycra an titelm intica is a native of Abyssinia. The flowers and tops 
under the name of Cusso or Kousso have been long employed by the 
Abyssinians for their anthelmintic properties. They have been also used 
of late years in this and other countries for a similar purpose, and are said 
to be effectual in destroying tape-worms. Cusso is now official in the 
British Pharmacopoeia. 

Fragaria elatior , F. vesca , and other species or varieties of Frag aria. 
furnish the different kinds of Strawberries. 

Geum urbauum and G. riva/e are reputed to possess aromatic, tonic, and 
astringent properties. 

Gillennia trifoliata and G. stipulacea. — The roots of both these species 
are used in the United States as medicinal agents. In small doses they are 
tonic, and in larger doses emetic. Thev are commonly known under the 
names of Indian Physic and American Ipecacuanha. 

Potentilla Tormentilla. — The rhizome and rootlets possess astringent and 
tonic properties. They are employed in the Orkney and Feroe Islands to 
tan leather ; and in Lapland in the preparation of a red dye. Some other 
species possess analogous properties. 

Qvillaia saponaritL. — The bark of this and other species contains a large 
amount of saponin. It is employed in some parts of America as a substitute 
for soap. It has been much used in this country lately as a detergent, in 
cases of scurfiness and baldness of the head. 

Bosa. — The various species and varieties of this genus are well known 
for the beauty of their flowers and for their delicious odours. The fruit 
(commonly known under the name of the hip) of R. canina , the Dog-Rose, 
is employed in medicine as a refrigerant and astringent. The fresh and 
dried petals of the unexpanded flowers of B. gallica constitute the Red-rose 
leaves of the shops. They are used in medicine as a mild astringent and 
tonic, and on account of their colour. The petals of R. centifolia, the 
Hundred-leaved or Cabbage-rose, and of some ot its varieties, are remarkable 
for their fragrance. Ro^e-water is prepared by distilling the fresh petals 
with water to which a little spirit of wine has been added. The petals of 
R. centifolia are also employed in medicine as a mdd laxative. The volatile 
oil known in commerce as Attar or Otto of Rose, is now almost exclusively 
obtained from Roumelia on the southern slopes of the Balkan mountains. 
It is also largely produced in India, and to some extent in other parts, but 
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the|otto of these districts is almost, if not entirely, consumed in the countries 
whence it is obtained. The species cultivated for this purpose in Roumelia 
and India is Rosa damascena. All commercial Otto of Rose is obtained by- 
distillation, and, according to Heber, it requires 20,000 roses to yield Otto 
equal in weight to that of a rupee. In Turkey, 5,000 pounds (German 
weight) of roses are said to yield by careful distillation one pound of oil. 
It is imported from Smyrna and Constantinople. Otto of Roses is rarely or 
ever pure when imported into this country. It is commonly adulterated 
with spermaceti, and a volatile oil which is derived from Andropogon 
pachnodes, Trin. ( A . schcenanthns , Linn.). The oil is known under the 
names of OH of Geranium , Rusa oil, or Rusa-ka-tel , and is imported into 
Turkey from India for the express purpose of adulterating otto of rose. 
(See Pelargonium .) 

.Rtt6MS.~Several species of this genus yield edible fruits : thus, the fruit 
of Rubus Idwus is the Raspberry ; that of R. frutico&us , the Blackberrv ; 
that of R. raisins, the Dewberry ; and that of R. Chamaemorus, the Cloud- 
berry. The bark of the root of R. vi/losus and R. canadensis is much 
employed as an astringent in some parts of North America, and is official in 
the United States Pharmacopoeia. 

Spjrapa. — S. flipendula and N. Ulmaria. — The roots of these plants 
have tonic properties. S. Ulmaria is called Meadow-sweet from the fragrance 
of its dowers, which is due to the presence of coumarin. Seemann says 
that in Kaintschatka a strong liquor is prepared from the root of &. 
Kamtschatka. 

Sub-order 4. SANGUisoitnE,*;. — The plants of this sub-order have gene- 
rally astringent properties like the Roseee. 

Acuina Sanguisorba. — The leaves are used in New Holland as a substi- 
tute for tea. 

Alchemilla arvensis , Field Ladies’ Mantle or Parsley Piert, is astringent 
and tonic. It is also reputed to be diuretic, and was formerly thought to 
be useful in g r avel and stone ; hence it was called break-stone. 

Sub-order 5. Pomkje. — Many plants of this sub-order yield edible fruits, 
and from their seeds hydrocyanic acid may be frequently obtained. 

Amelanchier canadensis. — The fruit is known in Rupert’s Land, &c., 
under the name of Shad-berry or Service-berry. It is used for mixing with 
Pemican, an article of Arctic diet. (See Prunus .) 

Uydonia vulgaris (Pyrus Cydonia) is the common Quince. — The fruit 
is frequently mixed with apples in making pies or tarts, and is much 
esteemed for the preparation of a kind of marmalade and for other purposes 
by the confectioner. The rind contains cenanthic ether, to which its peculiar 
fragrance is due. The seeds contain much mucilage, which is nutriiive, 
emollient, and demulcent. 

Eriobotrya japonica produces a fruit called the Loquat. Some of these 
fruits in good condition have occasionally been imported into this country 
from Japan and South America. 

Me8pilus germanica yields the fruit called the Medlar, of which there are 
several varieties. 

Pyrus. — Some species of this genus produce edible fruits. — Pyrus Malus 
and its varieties produce the different kinds of Apples. — P. communis is the 
Pear-tree, so well known for its fruit ; the wood is also sometimes used by 
wood-engravers instead of Box. — P. Aucvjniria is the Mountain Ash or 
Rowan-tree. Its tiow r ers, root, and bark yield hydrocvanic acid, and there- 
fore possess, in a slight degree, sedative properties. — P. Aria is the Beam- 
tree, the timber of which is used for axle-trees and other purposes. — P , 
domestica is the common Service-tree, and P. torminalis the Wild Service-tree. 

Natural Order 83. Calycanthaceje. — T he Calycanthus 
Order. — Diagnosis . — These are shrubby plants resembling the 
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Rosacea ?, but they differ in having opposite leaves, which are al- 
ways simple, entire, and exstipulate ; in their sepals and petals 
being numerous, and similar in appearance ; in having stamens 
whose anthers are adnate, and turned outwards ; and by having 
convolute cotyledons. 

Distribution , Examples , and Numbers. — They are natives of 
Japan and North America. Examples of the Genera: — Calycan- 
thus, Chimonanthus. These are the only 2 genera, which include 
(> species. 

Properties and Uses. — The flowers generally are fragrant and 
aromatic ; and the bark of Calycanihus floridus, Carolina Allspice, 
is sometimes used in the United States as a substitute for Cin- 
namon bark. 

Natural Order 84. Lythraceae. — The Loosestrife Order* — 
Character. — Eerbs or rarely shrubs, frequently 4-sided. Leaves 
opposite or rarely alternate, entire, and exstipulate. Flowers 

Fig. 944. 



Fig. 944. Vertical section of the flower of the Purple Loosestrife (Ly thrum 
Salicana). Fig. 945. Calyx of the same. 

regular or irregular. Calyx (Jig. 945) persistent, ribbed, tubu- 
lar below, the lobes with a valvate aestivation, sometimes with 
intermediate teeth (fig. 945). Petals inserted between the lobes 
of the calyx and alternate with them (Jig. 944), occasionally want- 
ing, very deciduous. Stamens perigynous, inserted below the 
petals (Jig. 944), to which they are equal in number, or twice as 
many, or even more numerous ; anthers adnate, 2-celled, open- 
ing longitudinally. Ovary superior (Jig. 944), 1, 2, or 6- 
celled ; ovules numerous or rarely few ; style 1, filiform (Jig. 
944) ; stigma capitate or rarely 2-lobed. Fruit capsular, mem- 
branous, dehiscent, surrounded by the non-adherent calyx. Seeds 
numerous, with or without wings, exalbuminous ; placentation 
axile (fig. 944) ; embryo straight, with flat leafy cotyledons, and 
the radicle towards the hilum. 

Diagnosis. — Herbs or shrubs, with entire exstipulate and 
usually opposite leaves. Calyx tubular, ribbed, persistent, bear- 
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ing the deciduous petals and stamens ; the latter being inserted 
below the petals. Anthers 2-celled, adnate, bursting longitu- 
dinally. Ovary superior, with axile placentation ; style 1. Fruit 
membranous, dehiscent, surrounded by the non-adherent calyx. 
Seeds numerous, exalbuminous. 

Distribution , Examples , and Numbers. — The greater number 
are tropical plants, but some are also found in temperate regions, 
as, for instance, in Europe and North America. One species 
only, Lythrum Salicaria, has been hitherto found in New Holland. 
Examples of the Genera : — Lythrum, Lawsonia. There are about 
300 species. 

Properties and Uses. — These plants are chiefly remarkable for 
the possession of an astringent principle, and for their value in 
dyeing. 

Ammannia vesicatoria. — The leaves are very acrid ; they are much used 
iu India by the natives as a vesicant, but their action is slow, and they 
cause great pain. 

Grislea tomentosa. — In India the flowers are employed in dyeing, mixed 
with species of Morinda. (See Morinda .) 

Lager stromia lieginas has narcotic seeds, and its leaves and bark are 
reputed to be purgative and hvdragogue. 

Lawsonia inermis or L. alba. — The leaves and young twigs of this shrub 
form the Henna or Alkanna of Egypt, and other countries. Henna is used 
by the women in the East to dye the tips of their finger'*, their finger and 
toe-nails, palms of the hand, and soles of the feet, of a reddish-orange colour. 
The men also use it for colouring their beards. It is likewise employed for 
dvei ng skins and morocco leather reddish-yellow, and by the Arabs, Persians, 
&c., for dyeing their horses’ tails and manes. The leaves are also used to 
some extent as an astringent. 

Lythrvm Salicaria , Purple Loosestrife, is a common British plant, and 
is said to be useful as an astringent in diarrhoea, &c. Other species 
probably possess similar properties. 

Natural Order 85. Saxifragaceje. — The Saxifrage Order. — 
Character. — Herbs with alternate leaves , which are entire or 
lobed (Jig. 946), stipulate or exstipulate. Calyx of 4 or 5 sepals, 
which are more or less united at the base (fig. 620), inferior or more 
or less superior (figs. 620 and 947). Petals 4 or 5, perigynous, al- 
ternate with the lobes of the calyx (fig. 947), sometimes wanting. 
Stamens 5 — 10, perigynous (fig. 947) or hypogynous ; anthers 
2-celled, with longitudinal dehiscence. Disk usually evident, 
either existing in the form of 5 scaly processes, or annular and 
notched, hypogynous or perigynous. Ovary superior or more 
or less inferior (figs. 620 and 947), usually composed of two car- 
pels, united below, but more or less distinct towards the apex ; 
1 or 2-celled ; styles equal in number to the carpels, distinct, 
diverging. Fruit capsular, 1 — 2-celled, usually membranous. 
Seeds small, numerous ; embryo (fig. 948) in the axis of fleshy 
albumen, and with the radicle towards the hiluw. 

Diagnosis. — Herbs with alternate leaves. Flowers unsym- 
metrical. Calyx inferior or generally more or less superior, 4 
5-parted. Stamens perigynous or hypogynous. Ovary supe* 
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rior or more or less inferior, composed of 2 carpels united at the 
base, and diverging at the apex ; styles distinct, equal in number 
to the carpels. Fruit capsular, 1 — 2-celled. Seeds numerous, 
small, with fleshy albumen. 


Fig. 946 . 


Fig. 947 . 



Fig. 946 Saxifraga tt idactylites. The leaves are tnfid and wedge-shaped, 

and the flowers arranged in a racemose cyme Fig. 947. \ ertical section 

of the flower. Fig 948. Vertical section of the seed. 

Distribution , Examples, and Numbers. — They are exclusively 
natives of the northern parts of the world, where they chiefly 
inhabit mountainous districts, and sometimes grow as high as 
16,000 feet above the level of the sea. Examples of the Genera : 
— Saxifraga, Chrysosplemum, Heuchera. There are about 312 
species. 

Properties and Uses. — The plants of the order are all more or 
less astringent. This is remarkably the case with the root of 
Heuchera americana , which is much employed for its astringent 
properties in the United States under the name of Alum-root . 

Natural Order 86. Hydrangeace^e. — T he Hydrangea Order. 
— Diagnosis . — This order is frequently regarded as a sub-order 
of Saxifragaceae, with which it agrees in many important parti- 
culars ; but it differs in its plants being of a shrubby nature ; 
in their having opposite leaves, which are always exstipulate ; in 
their tendency to a polygamous structure, as exhibited in ihe 
possession of radiant stamina! flowers ; and in having frequently 
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more than 2 carpels, with a corresponding increase in the num- 
ber of styles and cells to the ovary. 

Distribution , Examples, and Numbers. — Natives chiefly of the 
temperate regions of Asia and America. About one-half of the 
species are natives of China and Japan. Examples of the Genera: 
— Hydrangea, Bauera. There are about 45 species. 

Properties and Uses. — Unimportant. 

Hydrangea. — The leaves of Hydrangea Thvnbergii are used in Japan as 
tea, and this tea is so highly valued by the Japanese, that they call it 
Ama-tsja or the Tea of Heaven. The root of H. arboreseens , under the 
name of Leven Bark or Wild Hydrangea , is largely employed in the United 
States of .North America in calculous complaints. 

Natural Order 87. HENSLOviACEiE. — The Henslovia Order. — 
Diagnosis. — This is a small order of tropical plants containing 
but 1 genus, and 3 or 4 species, which is considered by Lindley 
to be nearly allied to Hydrangeacere ; but distinguished from 
them in their tree-like habit, in their styles being united into a 
cylinder, and in the total absence of albumen. Example: — 
Henslovia. Their properties and uses are unknown. 

Natural Order 88. Cunoniace.®. — T he Cunonia Order. — 
Diagnosis. — Nearly allied to Saxifragacese, but differing from 
them in being trees or shrubs, with opposite leaves, and large 
interpetiolar stipules. The latter character will also distinguish 
them readily from Hydrangeacea3, which are exstipulate. 

Distribution , Examples , and Numbers. — Natives of South 
America, the Cape, the East Indies, and Australia. Examples 
of the Genera: — Weinmannia, Cunonia. There are about 100 
species. 

Properties and Uses. — Astringent. Some have been used for 
tanning ; others exude a gummy secretion. 

Natural Order 89. CrassXtlace.®. — T he Houseleek or Stone- 
crop Order. — Character. — Succulent herbs or shrubs. Leaves 
entire or pinnatifid, exstipulate. Flowers usually cymose (Jig. 
431), symmetrical (figs. 775 and 770). Calyx generally com- 
posed of 5 sepals, but varying in number from 3 — 20, more or 
less united at the base, inferior (Jig. 775, c), persistent. Petals 
equal in number to the divisions of the calyx (Jig. 775, p ), writh 
which they are alternate, either distinct or united, and inserted 
into the bottom cf the calyx ; aestivation imbricate. Stamens 
inserted with the petals (Jig. 775, e), either equal to them in 
number and alternate with them (Jig. 775) ; or twice as many 
(Jig. 776), and then forming 2 whorls, one of which is composed 
of longer stamens than the other, the longer stamens are placed 
alternate to the petals, and the shorter stamens opposite to 
them ; anthers 2-celled with longitudinal dehiscence. Carpels 
equal in number to the petals and opposite to them (fig. 775, o), 
each having frequently a scale on the outside at the base (fig. 
^75 a ), distinct or more or less united ; styles distinct. Fruit 
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either consisting of a whorl of follicles, or a capsule with locu- 
licidal dehiscence. Seeds very small, variable in number; 
embryo in the axis of fleshy albumen, with the radicle towards 
the hilum. 

Diagnosis. — Succulent herbs or shrubs. Leaves exstipulate. 
Flowers perfectly symmetrica], the sepals, petals, and carpels 
being equal in number (3 — 20), and the stamens being also equal 
to them, or twice as many. Petals and stamens almost or quite 
hypogynous. Corolla monopetalous or polypetalous. Fruit 
either apocarpous and follicular, or a m any-celled capsule with 
loculicidal dehiscence. Seeds small ; embryo in the axis of fleshy 
albumen. 

Division of the Order and Emm, pies of the Genera: — The 
order may be divided as follows : — 

Sub-order 1. Crassuleae. — Fruit consisting of a whorl of folli- 
cles. Examples: — Crassula, Sedum. 

Sub-order 2. Diannorpheae. — Fruit a many-celled capsule with 

loculicidal dehiscence. Examples: — Diamorpha, Pentliorum. 

Distribution and Numbers. — They are found in very dry situ- 
ations in all parts of the world ; a large number occur at the 
Cape of Good Hope. There are nearly 450 species. 

Properties and Uses. — Astringent, refrigerant, and acrid pro- 
perties are found in the plants of this order, but none are of 
much importance. 

Cotyledon. — C. umbilicus. — This plant, which is a common native in the 
west of England, has long been in use as a popular remedy in hysteria, and 
as an external app’ication to destroy corns and waits. It has also been fre- 
quently used of late years as a remedy for epilepsy. — C. orbiculata , a native 
of the Cape of Good Hope, is employed in similar cases. 

Bhodiola esculenta is eaten by the Greenlanders. 

Sedum. — S. acre is the common yellow Biting Stonecrop of our walls, 
and, as its name implies, is of an acrid nature. It is also reputed to possess 
emetic and purgative properties. — Sedum Telcjtbium is astringent. Bindley 
eays that, in Ireland, the leaves of Sedum dasyphyllum , rubbed among oats, 
are regarded as a certain cure for worms in horses. 

Natural Order 90. Francoace^e. — T he Francoa Order. — 
Character. — Stemless herbs. Leaves exstipulate. Calyx 4- 
partite. Petals 4, persistent. Stamens hypogynous or nearly 
so, four times as many as the petals, the alternate ones sterile. 
Ovary superior, 4-celled ; ovules numerous ; stigma sessile, 
4-lobed. Fruit a membranous 4-celled, 4-valved capsule, with 
loculicidal or septicidal dehiscence. Seeds minute, indefinite ; 
embryo very minute, at the base of a large quantity of fleshy 
albumen. 

Distribution, Examples , and Numbers. — Natives of Chili. 
Examples of the Genera: — Francoa, Tetilla. These are the only 
genera ; they include about 6 species. 

Properties and Uses. — The Francoas are reputed to be cooling 
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and sedative. Tetilla is astringent, and is employed as a remedy 
for dysentery. 

Natural Order 91. Paronychiace*® or Illecebraceje. — 
The Knotwort Order. — Character. — Herbs or shrubs , with en- 
tire simple stipulate leaves. Flowers minute. /Sepals 5, or 
rarely 3 or 4, distinct or more or less united. Fetals small 
or absent, perigynous. /Stamens somewhat hypogynous, either 
equal in number to the sepals and opposite to them, or more 
numerous, or rarely fewer. Ovary superior, 1 or 3-celled ; styles 
2 — 5. Fruit dry, 1 or 3-celled, dehiscent or indehiscent. Seeds 
either numerous upon a free central placenta, or solitary on a 
long funiculus arising from the base of the fruit ; albumen fari- 
naceous ; embryo curved. 

Distribution , Examples, and Numbers. — Natives chiefly of 
barren places in the South of Europe and the North of Africa. 
Examples of the Genera : — Hemiaria, Spergula. There are about 
100 species. 

Properties and Uses. — Slightly astringent. 

Paronychia. — 'Hie flowers and leaves of Paronychia argentea and P. 
nivea are used in the preparation of a kind of tea in France, and which is 
employed as a remedy for persons suffering from oppression of the chest, or 
from any difficulty of digestion. It is known as The Arabe or Sanguinare. 

Natural Order 92. Portulacace e. — T he Purslane Order. — 
Character. — Succulent herbs or shrubs , with entire exstipulate 
leaves. Flowers unsymmetrical. Sepals 2, united at the base. 
Petals usually 5, distinct or united. Stamens perigynous or 
hypogynous, varying in number, sometimes opposite to the 
petals ; filaments distinct ; anthers 2-celled, versatile. Ovary 
superior, or rarely partially adherent. Fruit capsular, usually 
dehiscing transversely, or by valves ; sometimes indehiscent ; 
placenta free central. Seeds numerous or solitary ; embryo curved 
round farinaceous albumen. 

Distribution , Examples, and Numbers. — Natives of waste dry 
places in various parts of the world, but chiefly at the Cape of 
Good Hope and in South America. Examples of the Genera: — 
Portulaca, Claytonia, Montia. There are about 190 species. 

Properties and Uses. — The fleshy root of Claytonia tuberosa is 
edible. Portulaca oleracea has been used from the earliest times 
as a pot-herb, and in salads. It possesses cooling and antiscor- 
butic properties. Many of the plants have large showy flowers. 

Natural Order 93. Mesembryacf.^e or Ficoide^:. — T he Ice- 
Plant or Fig-Marigold Order. — Character. — Succulent herbs or 
shrubs, with opposite or alternate, simple, exstipulate leaves. 
Calyx 3 — 8-partite, either free or partially adherent to the ovary. 
Petals either numerous and showy or altogether absent. 
Stamens perigynous, distinct, numerous or definite. Ovary 
inferior or nearly superior, usually m any-celled, rarely 1-celled ; 
placentas axile, free central, or parietal; styles and stigmas as 
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many as the cells of the ovary, distinct; ovules usually nume- 
rous or rarely solitary, amphitropal or anatropal. Fniit usually 
a many-celied capsule or rarely 1-celled, dehiscing in a stellate 
or circumscissile manner at the apex, or splitting at the base ; or 
woody and indehiscent. Seeds few or numerous, or rarely soli- 
tary ; embryo curved or spiral, on the outside of mealy albumen. 

Diagnosis. — Succulent herbs or shrubs, with simple exstipu- 
late leaves. Sepals definite, generally more or less adherent to the 
ovary. Petals very numerous or absent. Stamens perigynous. 
Ovary inferior or nearly superior ; styles distinct ; placentas axile, 
free central, or parietal. Fruit capsular or indehiscent. Seeds 
with a curved or spiral embryo on the outside of mealy albumen. 

Division of the Order and Examples of the Genera : — The Me- 
sembryaceae may be divided into three sub-orders as follows : — 

Sub-order 1. Mesembryeae. — Leaves opposite. Petals nume- 
rous, conspicuous. Stamens numerous. Fruit capsular, de- 
hiscent. — Examples : — Meserabryanthemum, Lewisia. 
Sub-order 2. Tetragonese. — Leaves alternate. Petals absent. 

Stamens definite. Fruit woody and indehiscent. E.camples: 
— Tetragonia, Aizoon. 

Sub-order 3. Sesuveae. — Leaves alternate. Petals absent. Sta- 
mens definite. Fruit capsular, with transverse dehiscence. 
Examples : — Sesuvium, Cypsela. 

The two last sub-orders are commonly placed in an order 
by themselves, called Tetragoniaceae, which is readily distin- 
guished from the Mesembryacere, by its plants having alternate 
leaves, no petals, and but a small number of stamens. The plants 
comprehended in the above three sub-orders are, however, so 
nearly allied, that we have placed them in one order as above. 

Distributiov and Numbers. — Natives exclusively of warm and 
tropical regions. A large number are found at the Cape of 
Good Hope, There are about 450 species. 

Properties and Uses. — Several are edible ; others yield an 
abundance of soda when burned ; but generally the plants of the 
order are of little importance. 

Lewisia rediviva. — The root is eaten in Oregon. It is sometimes called 
Tobacco-root from the smell of tobacco which it is said to acquire by cook- 
ing. According to M. Geyer, it is the Racine amere of the Canadian Voya- 
geurs ; it forms a very agreeable and wholesome food when cooked. 

Mesanbryanthemum. — M. crystallinum is the Ice-plant. It is so called 
from its surface being studded with little papillae (see page 64) of an ice-like 
appearance. Its juice is reputed to be diuretic. The ashes of this species, 
as well as those of M. copticum , M. nodiforum, and others, contain soda. — 
M. genic ulifo rum is employed as a pot-herb in Africa, and its seeds are 
edible. — M. edule is called the Hottentot’s Fig ; its leaves are eaten. The 
fruit of M. sequilaterale (Pig* faces or Canagong) is eaten in Australia. 

Tetragonia expansa is used in New Zealand as a substitute for spinach. 
It has been cultivated in Europe, and employed for the same purpose under 
the name of New Zealand Spinach, It has been highly recommended for 
cultivation in this country. Its flavour is very similar to ordinary spinach. 
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Natural Order 94. Passiflorace^e. — The Passion-flower 
Order. — Character. — Herbs or shrubs , usually climbing by 
tendrils {jig. 222). Leaves alternate, with foliaceous stipules. 
Flowers perfect or very rarely unisexual. Sepah 5, united be- 
low into a tube, the throat of which bears a number of filamen- 
tous processes ; petals 5, inserted into the throat of the calyx on 
the outside of the filamentous processes, with an imbricate aesti- 
vation ; sometimes wanting. Stamens usually 5, monadelphous 
or rarely numerous, surrounding the stalk of the ovary. Ovary 
stalked, superior, 1-celled ; styles 3, clavate ; placentas parietal. 
Fruit L-celled, stalked, generally succulent. Seeds numerous, 
arillate ; embryo in thin fleshy albumen. 

Distrilmtion , Examples , and Numbers. — They are chieflyfound 
in tropical America, but a few also occur in North America and 
the East Indies, and several in Africa. Examples of the Genera: 
— Passifiora, Tacsonia. There are about 214 species. 

Properties and Uses. — Several have edible fruits, and others 
are said to be bitter and astringent, narcotic, emmenagogue, or 
diaphoretic. 

Paropsis edulis lias an edible fruit. It is a native of Madagascar. 

Passifiora. — The fruits of several species of this genus are eaten under 
the name of Gramulillas. The root of P. quad ran gularis is said to be 
narcotic. The flowers of P. rubra are also narcotic. Other species are 
reputed to be anthelmintic, emmenagogue, expectorant, emetic, carmina- 
tive, &c. 

Tasennia. — The pulpy fruits of T. speciosa f T. mollissima , T. tripartita, 
and others, are edible. 

Natural Order 95. Malesherbiaoe^e. — T he Crownwort 
Order. — Diagnosis. — This is a small order of herbaceous or 
somewhat shrubby plants, resembling Passifloracex, but differ- 
ing in never being climbers ; in the want of stipules ; in the 
filamentous processes of the flowers of that order being reduced 
to a short membranous rim or coronet in this ; in the insertion 
of their styles at the back instead of the apex of the ovary ; and 
in the seeds not being arillate. 

Distribution , Examples , and Numbers. — They are all natives 
of Chili and Peru. Examples of thx Genera: — Malesherbia, 
Gynopleura. These are the only genera ; they include 5 species. 

Properties and Uses. — Altogether unknown. 

Natural Order J6. Turinerace^:. — T he Tumera Order. — 
Character. — Herbaceous or somewhat shrubby plants. Leaves 
alternate, exstipulate, hairy, loiters axillary. Calyx inferior, 
5-lobed, imbricated in aestivation. Petals 5, equal, twisted in 
aestivation, perigynous. Stamens 5, alternate with the petals, 
perigynous ; filaments distinct. Ovary l-celled, superior, with 3 
parietal placentas ; styles 3, more or less united at the base, 
forked or branched above. Fruit capsular, l-celled, 3-vaIved, 
partially dehiscing in a loculicidal manner. Seeds with a carun- 
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cule on one side, and a slightly curved embryo in the midst of 
fleshy albumen. 

Distribution , Examples, and Numbers. — Natives exclusively 
of South America and the West Indies. Examples of the Genera : 
— Turnera, Piriqueta. These are the only genera according to 
Lindley ; they include about 60 species. 

Properties and Uses. — Some are said to be astringent, others 
tonic and expectorant, and a few aromatic. 

Turnera — The drug known in the United Stales under the name of 
‘Damiana* is principally derived, according to Holmes, from a species of 
Turnera , and probably T. mierophyUa. The source of another variety of 
Damiana, used in America, is, however, said to be Apfopappm disco? deus, 
D C., a plant of the order Composite. (See Aplopappus.) Damiana is 
regarded as a powerful aphrodisiac. 

Natural Order 97. Papayaoeas. — T he Papaw Order. — 
Character. — Trees or shrubs, sometimes with an acrid milky 
juice. Leaves alternate, on long stalks, lobed. Flowers uni- 
sexual. Calyx inferior, minute, 5-toothed. Corolla monopeta 
lous, without scales in the fertile flowers, 5-lobed. The barren 
dower has a few stamens inserted on the corolla. The fertile 
flower has a 1-celled superior ovary, with 3 — 5 parietal placentas. 
Fruit succulent or dehiscent. Seeds numerous, albuminous, with 
the radicle towards the hilum. 

Distribution, Examples, awl Numbers . — Natives of South 
America and the warmer parts of the Old World. Examples of 
the Genera : — Carica, Modecca. There are about 26 species. 

Properties and Uses. — Generally unimportant ; but the acrid 
milky juice is said to be poisonous in some species ; and in 
others emmenagogue. The seeds of some species are also em- 
menagogue. 

Carica. — The acrid milky juice of Carica diqitata is said to be a deadly 
poison. The juice of the unripe fruit, and the powdered seeds of Carica 
Papaya are powerful anthelmintics ; the former being the most active and 
certain in its action. The fruit, however, when cooked, is eaten. The 
powdered seeds have also a great reputation in Southern India for their 
powerful emmenagogue properties. The milky juice of the unripe fruit 
has the property of rapidly softening the toughest meat vlien boiled with 
it for a short time. Its use for this purpose is very general in Quito ; and 
the recent experiment** of Wittstein have shown, that it contains a ferment 
Which has a most energetic action upon nitrogenous substances. This 
juice, according to Vauquelin, resembles animal albumen in its characters 
and reactions. The leaves are also used in some districts as a substitute 
for soap. 

Natural Order 98. Pangiaoe.e. — The Pangium Order. — 
Diagnosis. — This is a small order of arborescent unisexual plants 
nearly allied to Papayacew , but differing principally in being 
polypetalous ; and in the fertile flowershaving as many scales as 
there are petals, and placed opposite to them. 

DistiUmtion , Properties . a'iid Uses. — Exclusively natives of 
the hotter parts of India. They are all more or less poisonous# 



cucurbitacej:. 


648 


It is said, however, that by boiling, and maceration afterwards 
in cold water, the poisonous properties may, in some cases, be 
got rid of, as in the seeds of Pangium edule , the kernels of 
which are then used as a condiment, and for mixing in curries. 
But even these, according to Horsfield, act as a cathartic upon 
those unaccustomed to their use. 

2. Epigynre. 

Natural Order 99. Cucurbitaceje. —The Gourd or Cucumber 
Order. — Character. — Herbs , generally of a succulent nature, 
Fig. 940 . 



Fi<j. 049. Female orpi .tillate flower of the Cucumber (Cucumis satin us), co . 
Cal.vx adherent to the ovary, the limb is seen above, with five divisions. 

p. Corolla, s. Stigmas. Fig. 960 Male or staifiinate flower of the same, 

the floral envelopes of which have been divided in a longitudinal manner. 

From Jussieu, c. Calyx, p. Corolla. *t. Stamens. Fig 951. Pepo of 

the Squirting Cucumber ( Eeballium offitinarum ), discharging its seeds. 

and either prostrate or climbing by means of tendrils. Leaves 
succulent, alternate, with a radiate venation (fig. 305), more or 
less scabrous. Flowers unisexual (figs. 949 and 950), monoecious 
or dioecious. Calyx monosepalous, 5-toothed (fig. 949), the limb 
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sometimes obsolete, superior in the female flowers (fig. 949). 
Corolla monopotaious (figs. 949 and 950), 4 — 5* parted, some- 
times fringed, with evident reticulated veins, perigynous. 
Barren floor r: — Stamen* usually 5, epipetaluus (fig. 950, #t), 
either distinct, monadelphous, or triadelphous (fig. 950, st) in 
such a way that two of the bundles contain each 2 stamens, 
and the other but 1 stamen ; rarely there are but 2 or 3 stamen 4 
present ; anther* 2-celled, usually long and sinuous (fig. 520, /), 
rarely straight. Fertile flower: — Ovary inferior (fig. 949), 1- 
celled, or spuriously 3-ceIled from the projection inwards 
of the placentas ; placentas parietal, usually 3 ; omle* in- 
definite or sometimes solitary ; style short (fig. 949) ; stigma* 
thickened ( Jig *. 042 and 949, a), papillose, lobed, or fringed. 
Fruit a pepo (fig*. 713 and 951), or rarely a succulent berry. 
Seed* more or less flattened, usually with a leathery or horny 
testa, solitary or numerous ; embrgo flat, without albumen ; 
cotyledons leafy ; radicle towards the hilum. 

Thm order is sometimes placed amongst the Corolliflorio on 
account of its monopetalouH flowers, hut its affinities are so 
essentially with the epigynous Palyeiflorie, that we have placed it 
lie re in accordance with Do Candolle’s views, and those of most 
other botanists. 

Diagnosis. — Herbs, usually of a succulent nature. Leaves 
rough, alternate, radiate veined. Flowers unisexual. Calyx 5- 
tootlied or obsolete, superior. Corolla monopetalous, perigynous. 
Sterile flower with usually 5 stamens, which arc distinct, mon- 
adelphous, or triadelphous, and epipetalmis ; rarely there are but 
2 or 3 stamens ; anthers long anil usually sinuous. Fertile 
flower:— Ovary inferior, with parietal placentas; style short ; 
stigmas more or less dilated. Fruit succulent. Seeds flat, ex 
albuminous, cotyledons leafy. 

Division of the Order a ml E rain pies of tlie Oencra. --This order 
has been divided into three sub-orders as follows ; — 

Sub-onlor 1. Xhantlirohe;v. - Anthers not sinuous. Placentas 
projecting so as to meet in the centre of the fruit. Seeds 
numerous. Examples : — Jolliffia, Feuilhea. 

Sub-order 2. ('ueurhite:?. -Anthers sinuous. Placentas pro- 
jecting so as to meet in the centre of the fruit. Seeds 
numerous. Examples : -Bryonia, Keballmm, Cucumis. 
Sub-order 3. Sirew. -Placentas not projecting. Seed solitary, 
pendulous. ExAimidcs : — Sicyos, Sechium. 

Distribution aiul Numbers.— Natives principally of hot cli- 
mates in almost every part of the world, but especially abun- 
dant in the East Indies. One species only occurs in the British 
Islands, Bryonia dioica. There are about 350 species. 

Properties and Uses. — An acrid bitter purgative property 
is the chief characteristic of the plants of this order ; this is 
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pnvteasod more or less by all parts of the plant, but it is tw- 
jxHjially evident in the pulp surrounding the seeds : the seeds 
themselves are, however, usually harmless. In some plants this 
acridity is so concentrated t liar they become poisonous ; while 
in other cases, ami especiallv from cultivation, it is so diffused 
that their fruit becomes edible. As a general rule the plants of 
this order should he regarded with suspicion. 

llryonut fimtcu — The Iresh roof is sold by herbalist* undei (he name* of 
White Brvony ami Mandrake root ; hut tie* (rue Mandrake root i- deriv'd 
from Month ,ioom ihii/ih. ( See Month ut/ora,') It wets \ iolentlv a* an 
emetic and puigalivc, hut in large c1«»m > it i- jjoisomuus. The font j- nl-o 
employed a- an e\t<rual application to lumped part*. The \oimg -hoots 
when hoi h si are eaten jo A-painuus — li. olho, Ji. oimnnimt, and ft. 
afniunit h.i\ e Minibtr piopert n •». Tin loot ot 11. r/iigiro i- employed b\ the 
nativ»-m In lu 10 an alt* rati \ e in s\ phtlis, and other nfhvtions, It 1 - nUo 
teputed to he a powerful remtdv in mi ake hi’e-« 

('itniflut ( I'm mum ) ( <■/«•« ynlhm I he Hitter Cucumber 01 the Bitter 
Apple — I’li i ^ plant is -up posed to l*e the in/it rim of the Old I o-tamont, 
tin fruit of w hi'-h »- translate I m our a ei -ion tn/tl go it rti (If Kill.;-, jv. ,'ljl }. 
din- fruit, whieh i* o«iiiiiiiinl\ known a- tin* llifttr tp/dt or (Wr n'l/nth, is a 
pout, fid hvdragogue ealharfn, and m ev-sivc doses if is an irritant 
j*oi>.on |f i.wr- if- properties to a hitter idueo-ide railed eo/ocv/zf/oa. Tim 
Kind- a I < known m eoiminiK, \i/ * Bn Ini Colncynth, whieh }s HiieHv 
impnrte l ttoin ^p-on and S\ 1 1 t ; and Moouhnr oi 1‘njnn'itl ('olmynth, 
win h \% oht omd from M jinluir 'lln former i- tin* oNici.il and best kind. 
It i- < mmionlv known as I'lnbev (’••h'lvMh, hnt that impoited tfom Fiance 
and >p.nn i- -om* t mo - <li-t ingui-hed a- 1 r* mil ami Spam-h Cnlmvnth. 
Mogad»>re t oliH \ nt h i- piim i poll \ audio < Innuot** to) their show hot tie-, 
din -red- po—e-H thepurguiv* piop.jt\ t o a -light extent , hut the pulp is 
hv fir f he more a»ti\c part of the tmif. In pirt-of Afrien, more espcei ally 
m the >.di ira. the seed- (orm an art u It of food. 

( mtnno . — I lie fruit of Ctnt/mn noftrit* H the < tieumhei ; that of (\ 
JA/o i- fhe Melon— (\ ftiifo/it/t nml C, flu/ thru kn. hot ft of whieh are 
native- of the lhi-t Judies, aie reputed to he purgative, like the fine ofli- nd 
eol .« v ut h, 

(‘untrlutu — I he t mit - <»T -<\eral species or varieties are used an artndes 
of t>Hid, Thu- tin trait «»< (\ ('tituliuH i- the Water-melon ; that of ('. Vrpo 
the White (iuiii d oi Pumpkin ; that of Mrluiufm the S«pm-h ; and that of 
( onfiru nun mfo is the Vegi table Marrow I he trmt ot -dine other **peeies 
or varntes * f Cumrh.ni are al-o eaten ddie -red- of the Pumpkin posses* 
v .’tillable nnth« Inutile pn<jx*rtie- in ease- of tape-worm; the expressed oil is 
also r* pitted to Ik etpi dl\ effectual. Hv h tine the 1 rcnh seeds art 1 preferred, 
i In* -eeds of the -o called (\ mot into, I)ueli., or Bed <»oitrd, have Mtnilar 
pioj^rties; tin- plant is, howev t»r, only another form of C. /V/w/, and in 
jientl. v and 1 limen’s ‘ Medieina) Planfs,’ both plan's are treated of under C. 
J*r/>o. i'he see i- of the Water-melon and other spei w* al-o po-sess diuietie 
proja rtie-. An oil called t'njum hv the inhabitants of Yorruha in \fnea, 
and whieh is largely used by them for dietetic purponea. and also as a 
medicine, is supposed to he derived from one or more speeiea of (’uruilnta. 
This <ul in also well adapted for burning, and for the lubrication of machinery, 

Et bullium offu iiiu* um or Elatmum ( Momordiru Eluti rium) is commonly 
called the Spurting ('ucumber, trom the fruit separating when ripe from 
the -talk, and exjwdling its Heeds and juice with much violence f jig. 9f>l ). 
The sediment from the juice of the m arly ripe fruit, when dried, constitute# 
the official Elaterium of the British Pharmacojxiiia. in dose* of from W to ^ 
of a grain, when pure, it is a powerful hydragogue cathartic, it owes its 
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properties to a white crystalline extremely hitter principle called Elaterin . 
In impro[>er down elaterin m in an irritant poison. 

Feuilleea cor di folia has intensely bitter seeds, which are violently purga- 
tive and emetic; thus forming a striking exception to the generally 
harmless projwrties of ( 'ucurbitaoeous seeds. The fruit is reputed to act as 
an antidote to poisoning hv strychnia. (Sec Stryrhnos.) 

Jallijfia africuna (Tctfairia ftedata ). — The seed* yield bv expression a 
very good oil, resembling that obtained from Olives. They have a flavour 
like almonds, ami are eaten in Africa, They have been imjjorted into this 
country on account of their oil. 

Lutjenaria vtdyatis is commonly called the Bottle Gourd, from its hard 
pericarp being used as a receptacle for containing fluid. The seeds are 
purgative. 

I *uff a. ~L. purtftinn and L. dutstua . — The fruit of these plants is violently 
purgative. It is commonly called American (Voevnth. The fruit of other 
species 1ms similar properties. The fruit of Luff a ftrtitln is termed the 
Sponge Gourd, as ii consists of u mass of (litres entangled together ; it is 
employed for cleaning guns, and other analogous purposes. The dried 
fibrous part of the fruit ol Luff a wyyptiacu is used in bath rooms by 
Egyptian ladh s to produce smoothness <, ( ' «,kiu. It is commonly known 
a s the Towel Gourd ; and these fruits rn «v now be met with in this country 
under the name of * Loofahs/ An infusion of the fresh stalks and leaves 
of Luff a otnara, an Indian species, is said to be useful in affections of the 
>plecn. It ikiks^hhch bitter tonic and diuretic properties. 

S> chit/ tn edit It . — The green fruit is commonly eaten in hot countries. It 
is called ('hocho or (’haclm. 

IriuHOHfurmit ( llryoniu) feifo/ia is the source of the celebrated remedy 
Known bv the natives of tho Argentine Hcpubbc as Uiyuru , and in Brazil as 
Leroy vtytlul. It is a.iid to |h»sscss powerful emetic and cathartic pro- 
pertied. 

Trichosunthr tt anyuitu/t is the Snake Gourd. — The fruits of this and some 
other species are eaten in India mixed with curries ; but others are reputed 
to |w>sseKs [sdsonous pro|>erties. 

Natural Order UHL Loasacf..*:.- The Chili Nettle Order. — 
Character. Herbaceous plants, with at iff hairs or sting- 
ing glands. Leans without stipules. ( 'ahjx superior, 4 or 
ft- parted, jiersistent. Petals 5 or 10, in 2 whorls, often 
hooded. Stamens numerous, in several whorls, either distinct 
or united in bundles. Orur*/ inferior, 1 -celled, with several 
parietal placentas, or 1 axile placenta ; style 1 ; or air a jieiidulous, 
unatropous. Fruit capsular nr succulent. Steds having an embryo 
lying in the axis of fleshy albumen 

Distribution , Examples, and XmnUrs. -They are all natives 
of North and South America, Exam pies of the (lenera : — Bartonia, 
Loaaa. There arc ahout 70 sjiecies. 

Properties and l \«s. — S<»iue of the species are remarkable for 
their stinging glands ; hence their common name of Chili Nettles. 
Several species a re cultivated on account of the l>eauty of their 
flowers. A Mexican s$>ecies, Mtnlsefta hispid* i, is reputed to 
possess a purgative root. 

Natural Order 101. Homauaoe.*:.— T he Homalium Order. — 
Character . — Trees or shrubs with alternate leaves. Calyx supe- 
rior, funnel-shaped, with from 5—15 divisions. Petals equal in 
number to, and alternate with, the divisions of the calyx. Stamens 
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opposite to the petals and inserted on thorn, either distinct or 
in bundles of 3ort>. (Min/ inferior, 1 -celled ; plaeentas parietal ; 
wales numerous, pendulous ; stifles 3 — 5. Fruit a capsule or 
l>erry. Seeds small ; embryo in the axis of a little fleshy albumen. 

Distribution, Examples, and Numbers. — They are natives of 
the tropical parts of India, Africa, and America. Examples of 
the Genoa : — Homalium, Triweria. There are about 3b species. 

iVoperfiV* and l-\ s. -Some sjieeies of H omalium arc astrin- 
gent, but nothing is known of the properties of the other genera. 

Natural Order 1U‘J. (’ktwek. The ('actus or Indian Fig 
Order.- Char act e r. Suc<uh at plants , which are usually spiny 
and leafless. Sti ih< globular, columnar, flattened, or 3 or more 
angled, ami altogether presenting a peculiar and irregular up- 
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pearance. Flowers sessile. Sepals and /« tals usually iiumerous 
flo3) and scarcely distinguishable from each other ; or rarely 
4 ; epigvnous (fi*J. 052). Stamens numerous ( fiijs. 052 and 053), 
with long filaments and versatile anthers. Orarif inferior (fitf. 
352), fleshy, 1-celled, with parietal placentas (fiy. 02b) ; style 1 ; 
stiumas several. Fruit succulent. Surds numerous, parietal or 
imbedded in the pulp, without albumen. 

Distribution, Examples, and Numbers. — Natives exclusively 
of the tropical regions of America. Examples of tin Gemra : — 
Melocactus, Mamniiliaria, Cereus, Opuntia. There are about 
800 supposed Hjiecies. 

Properties mu' Use *.— The fruit of many species is somewhat 
acid and agreeable, and is useful in fel/rile complaints. The 
fleshy stems of the Melon Cactus (Melocartus) are eaten by cattle 
on account of their juice, in the dry districts of South America. 
Many sjiecies of Cereus, E pi phi /Hum , Phyllovactus , Ac., are cul- 

N X 2 
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tivated on account of their showy flowers. Some species of 
CeretiB open their flowers at night ; they are remarkable for their 
size, some being as much as 1 foot in diameter. 

Opuntia . — 0. ru/ifuriH . — The fruit of this plant is the Prickly Pear, 
which i* much eaten in America ami the South of Europe, and is now com- 
monly imjwirted into this country, awl iw*<l as a dessert fruit. It is not, 
however, much esteemed. Tlu* fruit of (). Tuna is of a carmine colour, and 
has hcen employed as a water colour. — (). carlo ntUif era, the Nopal Plant, i* 
cultivated in Mexico. Tcnerifi’e, A*-., tor the nourishment of the ( Whineal 
Insert (foiiui Cacti) ; the di ied female forming the Cochineal <4 commerce. 

Natural Order 10T (iKo.vsrj.utiArE.F,. — The Gooseberry or 
Currant Order. * Oharac t er.~ Slu ubx with (Jig* 37G) or with- 
out spines <»r prickles. Lanrx alternate, lobed, radiate-veined. 
/Vowvrs uxdlarv, racemose, perfect or rarely unisexual, (\ihjs 
superior, 4 G lobed. /Wo/x f>, minute, inserted on the calyx. 
Stamens f>, perigynons, alternate with the petals. Orary in- 
ferior, 1 celled, with 2 parietal placentas (Jig. 71<h pi). Fruit 
a berry (Jiffs. TIG and Til). Smls muneions; unlnyv minute, in 
horny albumen. 

I >ist nbut ion, Fxotoph .s, a ml X inula r.s. Natives of the tem- 
perate regions of Kt trope, Asm, and North America. F.><nnpb. s 
of the item m : -Ribes, I’oRomiiih. These are the otih genera; 
\vhit‘h include about 1(H) spocies. 

Frofn We .s mol l Vs. Smite are showy garden plants, as Jlibt s 
f urhsio'uh .s, II. xanguiuruni. F. an team, F. mecitieinn ; but 
they are cliieflv remarkable for their agieeable acid fruits. Thus, 
the fruit of FUns (I lossula i in is the t M»<>srbeir\ ; I{. rubrum and 
its varieties yield both Red and \N lute Currants ; and F. nigrum 
is the Black Currant. 

Natural Order 104. Ksr\i i.oviu r. \ — The Ksealionia Order. 
-Character. K\ergmn shrill, with alternate e\>tipuJate 
leaves, and axillary showy flowers, i'ahn superior, o toothed, 
imbricate in mstnation. Jbtah f>, alternate w it li tlie divisions 
of the calyx, pengynous. Stamens o. alternate with the petals, 
]Hjrigynous. (hung inferior, 2 f> celled, crowned bv a cone- 
shaped disk ; placenta* axile ; xtigb simple ; stigmas 2— 5-lobed. 
Fruit capsular or baccate, crowned by the persistent style and 
calyx. Fmls very numerous, minute ; nnhnjo minute, in a mass 
of oily albumen. 

Distribution, Fcamphs, awl Numbers. They are chiefly 
natives of the mountains of South America. Examples of the 
(lenrra : -Escalloma. Itea. There are above t*0 species. 

Proxurties ami (six. I nknown. 

Natural Order lt)f>. Pim.AKEU’iucF. k. — T lie Syringn Order. 
— C har actor. — Shrubs, leaves opjMvsite, deciduous, exstipulate. 
Calyx sujierior, persistent, 4 10-lobed, with a vaivate activa- 
tion. Petal* equal in number to the divisions of the calyx, and 
alternate with them. Stamens numerous, perigynous. Ovary 
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inferior; styles united or distinct ; st'ujnuis several. Capsule half- 
inferior, 4 — Id-celled, pUiantas nxile. Seals numerous, it)i 
iieshy albumen. 

Distribution, E.c*impks y *tnd \iunln rs. - Natives of the South 
of Eurojio, North America, Jajwm, ami Imlia. Erampbs of the 
(it mm : -- Philadelphia, Deutzia. There are nlxmt i?f» sjieeies. 

ProjH'rties amt I s *. Of little importance. 

IhutzH* — Tlu' lo«v*‘« «»f «*f lhutzt i, ?\p»vi:iJI\ thon" of l). 

trobra. an* revered with U-aunful heart*, from their roughness, they 

an* um*< 1 in Japan for polishing purposes 

Phitudelphun coronurtus is omninmh eullivstt'd in our *diruhherie*», It 
i* a natixe o| the Smith Kur>>po. It is generally known «s the Sxrinca ; 
or in America n* the M»* k Orange, from it*' tloxwrs sonieuh.it resembling 
the Oran#* in appointin'? ami <*lour. I’fns odmir is due to the presence of 
:i volatile oil, xvhu h mav le mndiiv obtained from them hy distillation 
with watir. The leaves haw a flux our and odour resembling tin* ('urumber. 


Natural Order 10b. MtJiTMK.t:. The Myrtle Ordt r. — 
C h a r ac t e r. Tms or shrubs. Lmvts opjwmite or alternate, 
entire, exatipulate [toj. '.Oil, usually dotted, ami having a vein 
running just within tin* margin. 
i 'ohj.r sujienor (/»:/. 4o8), t or ;V- 
cleft, valvate, sometimes separa- 
tin'' in the form of a cap. F> biln 
4 ;» {by. 0.VI), imbricate, rarely 

absent. Stations usually 8 10, 

or numerous {bys. 4oS ami *.04), 
or rarely 4 o ; lUnnonts diwtimt 
or polyadelphous. ( h'ary inferior 
(by. 4o8), 1- 0-celled ; sfyb and 
sto/noi simple (ji*js. 4«*>K and Uo4 ) ; 
plan utas axile (jig. 4 AS), or very 
rarely parietal. Fruit dry or 
succulent, dehiscent or indelns- 
cent. Sr*tls without albumen, 
usually numerous. 

Jtirismn of the Onhrond Ec- 
a in pies of tin- iit'iirro ; The order 
may lie divided into two tnhes as 
follows : — 

Trilie 1. I*epto*permea\ Fruit cap- 
sular. EsampUs: -Melaleuca, 

Leptospermuui. 

Tril>e L\ M>jrtt!*\ Fruit baccate. Esamph’*: -Puniea, Myrtus. 



I'i'l. !C>1. llowcriiiK lirnnrh of the 
< ornii.on M>rtlo < Myrtut com- 


Distribution and X umbers.— Natives of the tropics and of tho 
warmer parts of the temperate zones. Myrtus communis , the 
common Myrtle, is the most northern species of ^the order. 
This plaut, although now naturalised in the South of Europe, was 
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originally a native of Persia. There are al>out 1320 species 
belonging to this order. 

Projterfies and Usph.~~ These plants are generally remarkable 
for aromatic and pungent properties, which are due to the 
presence of volatile oils. Many of these oils have been used in 
medicine as stimulants, aromatics, carminatives, diaphoretics, or 
antispasrnodics ; and also in perfumery. The dried Dower-buds 
and unripe fruits of some species are m common use as spices. 
Other plants of the order are astringent, and some secrete a 
saccharine matter. The fruits of some having a sweetish acidu- 
lous taste are edible. Many are valuable timber trees. 

Ct uynvln/llnn aromatic in or Euycnat caryophylUtta , is the* ('love-tree. — 
The dried flower-buds constitute the dorrs of commerce, which are *o well 
known as n spice ; and in medicine, for their nromntic, stimulant, and car- 
minative prop* rties. Tlieir proja-rtie^ arc* essentially due to the presence of a 
volatile oil. The dried unrip' fruits are ealled moth r cloves ; they are u-ed 
in ('Inns and other countries a** a spice, and are occasional) y imported into 
this country. They are wry inferior to the ordinary doves ; which are offi- 
cial in the 1 tri t i -li Dharmncopoun. '1 he dried flower -talk sure a) so sometimes 
lined an « ‘ipiee innt end of Clove*. They are commonly know'll ns Clove 
Stalks, and l»v the I* reneh an Cntfr* dr (liroflr. 

Eucalyptus. — E. resitufera , the lion ll/nk tree, a native of Australia 
and Van Diemen’s band, and s*ve*'al other specie-. * ield an astringent 
substance, ealhd Eraulyfdus or Hotany Hay Kino. 'I his kilio re- 
sembles in its properties tin* ortieial enteehu end kino, and may he used 
for similar purposes. Its pnm ipa! constituent is kmo-tannic arid, 'i he 
leaves of E. vutunif'tni, E. nmnuths , and prohaldy other species natives of 
Australia, spontaneously exude a Mieelinrine *ubstaneo reseml ding manna, 
which is therefoie commonly tenued Australian .Manna. As this exude*, it 
hardens, and drops* from the leaves on to the ground in pieces, which are 
sometime* as large a* an almond. The products of the Eucalypti are 
commonly of a gummy natuie, and hence they are called (ium*trees in New 
Holland. E. (Hob ulus — Various preparation* <f the leaves and balk of 
this tree have been lab lv introduced, and recoinmemled a- valuable remedies 
in niternuttent fever*, and *o many im du al pnntitiomrs have Imrne testi- 
mony to their value in Mich cases, that, allow mgfoi exaggeration, their use 
must Ik* benetleial ; but the ir autiperiodie properties arc v«*ry inferior to those 
of the einchotia haiks, none of the alkaloids of w Inch. n.s proved by Hroughton, 
they contain. The leave* and bark have al*o been recommended ns u*elul 
in many other ways. '1 hits the lease* of this species, as well as those of 
E. citrauloru, E. amyytlahnus, and others, yield by distillation volatile 
oils some of winch have been u«ed in perfumerv. and" for various other use- 
ful pu i poses in the arts, &<*. '1 he leave* of E . o myydu li a u s y i eld more oil 

than anv other s|hk ies. The timber of E. (//oZ/w/ms. and many other specie*, 
is very valuable ow ing to it* si lulity, hiirdne**. durability , Ac., and also from 
the great length of the planks t^at may Ik* obtained trom it. The bark of 
it, ami other species, i.s al*o useful for tanning and dyeing ; and the ashes of 
the wood are also remarkable fertile large proper! inn of potash they' contain. 
Hut important a* are the products ohtainab'e from the E. (itohdus, it 1ms 
been brought more especially into notice on account of the influence that 
plantation* of t hi# very rapid growing tree exert m improving miasmatic 
climates by destroying the paludal miasm which cause* fever in malarious 
dietriets, and by draining the ground, from which circumstance it has l»een 
called the fever-destroy ing tree. The Iwirk of certain species separate* in 
fibrous layers, which has occasioned them to t>e called Stringy-bark trees or 
Stringy-bark Gum-trees. These trees are sometimes of a prodigious height 
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— S50 fret nr more, and 100 feet in circumference, the trunk* being destitute 
of branches to a height of from 100 to 200 feet. The bark of E. nbligua »ml 
several other species is said hy Baron Mueller to be useful for making good 
packing and printing paper. Good writing paper may also Ik* made from 
the bark of* E. abliqua, 

Eugenia. — E . Pimenta ( Pimenta officinal it') is the Common Allspice.— 
The dried uuri|*e fruit is our offictal 1'imento. It i* also known as Jamaica 
Pepper , or more commonly as Allspice (from its flavour combining that of 
Cinnamon, Cloves, and Nutmegs), Ir is used ns a spice, and in medicine, m 
similar cases to cloves. Its properties are chietiy due to the presence of n 
volatile oil. — E. arris, f*nnenta arris, or Hfgrcia arris , is commonly known 
under the names of Wild Clo\e and Bav-Wrrv. It is the souree of the offi- 
cial Spirit of Myrcia or Jtag-rum of the I'nited States lMiarmaeoptria. 
Hiv-rwm is employed ns n }>erfuim* in faintness, and various nervous affec- 
tions, Ac., and al*s» m the preparation of h lir-wadi s. The Pose- Apples of 
the Hast, which arc much ndeemed ns dessert fruits, arc the product' of 
various epenes of Eugenia ; the more im|x»rtant are mu/ficcrn*i* and 
E.Jaml>>$. In Diu/i), the fruit of E. rauhffora, the Jahiit icaha, is also 
imu'h est«H*me«l The leaves id* E. I'gni are used m Chili as a substitute for 
l’araguuv Tea. *1 he plant has been introduced into this country on account 
of its fruit, but not wnh nn\ great uiru*^, 

(Haphytia mtn/a i- called hy tin* Millais the Tr<‘C of Long Lib*. It is 
also known as the Tea plant fiom its len\es l»emg used as tea at Bencooleu. 

l.rptnsjMrmum , — The leaves of A. sropanum and A. Phra are employed 
in tin Australian colonies as a substitute tot Chinn tea, 

Melaleutrt minor or V. (\ifuputi — I In* leave* when allowed to stand so ns 
to undergo a species of fermentation, and i hen distilled with water, yield a 
volatile oil of a veri limpid nature and light green colour, called Cajiipiit 
Oil, which is official ml 1m British I'hnniiacoiMi-h. Thiswa* formerly much 
employed as a remedy m <h<dera, hut without anv evident success. It 
has been used internalh as a ditfiisthle stimulant, antispasmodie, and din - 
plioretie ; and externally, when iiu\«m 1 with olive nil, or dissolved in rectified 
Hpirit, an a *t imulant embrocation in rheumatism, neuralgia, tic. This oil 
has tlte property of dLsoh mg eaotnelioue. In Australia, the leaves of M. 
sropnria and AA genintifiha are nsfil as suhstitutes for China tea. 

Mett aside rat . — M. sea utlmi, the Alta of New Zealand, and other aperies, 
afford \aluahlc tiinluT, The clubs and weapons of the South S<*u Islander* 
are made from specie-, of this genus. 

Mgrtus communis, the ( oinmon Myrtle. — The dried flower-buds and the 
unripe fruit wore used as spires In the ancient*, and nre still so employed 
in Tuscan} . 1U distillation with water, the flowers form a very agree 
aide perfume, know n in Frame as Eau d'Ange. The leave* of A/. i'hekan 
undoi the name of (‘hekati, have long lieeri used in Chili as art nrmnatic 
astringent, and have reecntly been found in cotnmeree. 

Psithum . — V a r ions Kpenes or \ arielies of this genus \ ield excellent dessert 
fruit*, w hich are commonly known under the name of Guavas. Of fins fruit 
the nati\ e> of the West Indie* make neveral kinds of preserve*, a* Guam 
jelly, stewed Guava, Quake-pear , mid Marmalade. '1 he more important 
are P. pynferum and P. jmmi ferum. The hark of these plants al*o possesses 
astringent proj*erties. Both plants are found freipientlv in tropical countries. 

Pmum Granatum , the Pomegranate, is re{>ea'eciiy referre 1 to in the 
Bible. It is the rimmtm of the Bible, and the rooman of tin* Arabs. This 
jdant is hy *ome botanists regarded as the type of a distinct order, which 
is named Granatew, while hy Bentham and (looker it is placed in Lythrn- 
eete. We. however, retain it a* an anomalous genus of the Myrtaou**, a* its 
Affinities are commonly regarded a* most nearly allied to the plant* of thi# 
order. The leave*, the flower*, and the fruit were ail used hy the ancient* 
for their astringent properties, and the juice of the fruit in the formation of 
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cooling drinks, on account of its acidulous taste. The flowers and fruit are 
still employed in the East. The flowers are the Balamtiim of the ancients, 
whence their common name, balaustina jlouers. The rind of the fruit, and 
the bark of the root, are the parts now commonly used as medicinal agents in 
this country ; but the latter is alone official in* the British Pharmacopoeia. 
These are employed for their astringent properties, and the latter is also 
commonly regarded as a valuable anthelmintic ; the fresh bark is preferred 
by some, but apparently without any good reason. The pro{erties of the 
Pomegranate nre principally due to tannic acid, but also partly to gallic acid. 
The bark of the root has been recently proved by Tanret to contain a 
volatile alkaloid, which is evidently its most important active principle ; 
this he has named pelletenana. 

Sizyyium Jtunbolanwn . — The bark is employed in the East Indies as a 
usetul astringent in chronic diarrhoea and dysentery. 

Natural Order 107> LEcYTHiDArE.E. — The Brazil-Nut or 
Monkey-Pot Order. — Character. — Large trees, with alternate 
dotless leaves, and small deciduous stipules. Flowers large and 
showy. Calyx superior. Petals 6, imbricate, distinct or some- 
times united at the base. Stamens numerous, epigynous ; some 
of them cohering so as to form a unilateral petaloid hooded body. 
Ovary inferior, 2 to 6-celled ; placentas axile. Fruit woody, 
either indihiscent or opening in a circumscissile maimer (Jig. 
080). Suds several, large, and without albumen. 

Distribution, Examples., and Numbers. — Principally natives of 
Guiana and Brazil, and also occasionally of other hot regions of 
South America. Examples -of the 'Genera: — Lecythis, Berthol- 
letia. There are about 40 species. 

Properties and Uses.— These plants are chiefly remark able for 
their large woody fruits, the pericaips of \\ liicli aie used as 
drinking-\essels, and for other purposes. Their seeds are fre- 
quently edible. 

Bertholleua e.xcelm , Berg, B. nobitis , Miers, the Brazil-Nut Tree. — The 
seeds coj stitute <he edible nuts known as the Brazil, Juvin, Castanha, or 
Para Nuts. As many as 100,000 bushels are annually imported into this 
country from Brazil. An oil is obtained by expression from these seeds, 
which is used by artists and wmtchmakeis. The laminated inner bark is 
valuable for the caulking of ships and barges. 

Levy this. — The seeds of L. zubuvayo of Hooker, L. olhiria of Spruce, are 
large and edible, and are termed Sapucaya nuts. They aie now T coimm nly 
sold in our fruit shops, ai d are certainly ^uj erior in flavour to the ordinary 
Brazil nuts. The bark of this plant may be separated into thin papery 
la* ers, which are used by the Indians as wrappers for their cigarettes. The 
fruits of this and other species have been called Monkey-pots in account of 
their peculiar foim. 

Natural Order 108. Cham^elauciace^:. — T he Fringe-Myrtle 
Order. — Diagnosis. — This is a small order of shrubby plants 
with evergreen dotted leaves, and nearly allied to Myrtacese , but 
distinguished from them by their Heath-like aspect, their more 
or less pappose calyx, and by their truly simple 1-celled ovaiy. 
From Leeythidacese they are at once known by their habit, their 
dotted exstipulate leaves, and 1-celled ovary. 

Distribution , Examples , and Numbers . — Exclusively natives 
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of Australia. Examples of the Genera: — Chameelaucium, Dar- 
winia. There are above 50 species. 

Properties and Uses , — Unknown. 

Natural Order 109. Barringtoniace^e. — T he Barringtonia 
Order. — Diagnosis. — This is a small order of plants usually 
placed among the Myrtaeeiv, but Lindley considers them as quite 
distinct from that order in the following particulars ; namely, 
the presence of a large quantity of albumen in their seeds,* and 
in their having alternate dotless and often serrated leaves. 
Thomson has, however, proved that the seeds are exalbuminous, 
so that the characters separating them from Myrtaceie are 
very slight indeed. But another character of distinction is to be 
found in the aestivation of the calyx in the two orders respec- 
tively ; thus in that of Myrtacem it is valvate, while in Bar- 
ringtoniacem it is imbricate. 

Distribution , Examples , and Numbers. — Natives of tropical 
regions in all ].mrts of the world. Examples of the Genera : — 
Barringtonia, Gustavia. 

Properties ami Uses.- - The bark of Stravadinm raeemosum is 
reputed to be febrifugal, and the root bitter, aperient, and acrid. 
The fruit of Careya arborea is eaten, while that of Gustavia 
brasiliana is emetic, and produces an intoxicating effect upon 
fish. Generally the plants of the order should be regarded as 
somewhat dangerous. 

Natural Order 110. Bklvisiaoeve. — The Behisia Order. — 
C h a r a c t e r. - *S7 j rubs. Lea res alternate, exstipulate, with a lea- 
thery texture. Calyx superior, coriaceous, 5-parted, and with 
avalvate aestivation. Go roll a consisting of three distinct whorls 
of united petals. Stamens 20, unequally monadelphous. Disk 
tieshy, and forming a cup-shaped eaqwinsion over the ovary. 
Geary 5-celled, with two ovules in each cell ; plaeentas axile ; 
style 5-angled or 5- winged ; stigma pentagonal. Fruit a soft 
rounded berry crowned by the calyx. Seeds large, kidney- 
shaped, exalbuminous. 

Distribution , Examples , and Numbers. — Natives of tropical 
Africa. Examples of the Genera : — Asteranthos, Napoloona. 
These are the only genera ; they include 4 species. 

Properties and Uses. — Nothing is known of the uses of these 
plants except that the pulp of their fruits is edible, and the 
pericarp contains much tannic acid. They might, probably, be 
used therefore as astringents. 

Natural Order 111 . Melastomace^e. — The Melastoma Order. 
— Character.— Trees, shrubs, or fo'rbs. Leaves opposite, and 
almost always ribbed and dotless. Calyx 4, 5, or 6-lobed, more 
or less adherent to the ovary, imbricate. Petals equal in num- 
ber to the divisions of the calyx, twisted in aestivation. Stamens 
equal in number to, or twice as many as, the petals ; filaments 
curved downwards in aestivation; anthers long, 2-celled, curiously 
beaked, usually dehiscing by tw r o pores at the apex, or some- 
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times longitudinally ; in aestivation lying in spaces between the 
ovary and sides of the calyx. Ovary more or less adherent, 
many-celled. Fruit either dry, and distinct from the calyx and 
dehiscent ; or succulent, united to the calyx, and indehiscent. 
Heeds very numerous, minute, exalbuminous. 

Distribution , Examples, and Numbers. — They are principally 
natives of tropical regions, but a few are also extra-tropical, 
being found in North America, China, Australia, and in the 
northern provinces of India. Examples of the Getwra: — Mela- 
stoma, Medinilla, Memecylon. There are about 2,000 species. 

Properties and Uses. — The prevailing character of these plants 
is a slight degree of astringency. Many produce edible fruits, 
and some are used for dyeing black and other colours. The name 
Melastoma is derived from the fruits of the species dyeing the 
mouth black. The leaves of Memecylon tinctorium are used in 
some parts of India for dyeing yellow, Ac. Generally speaking, 
the plants possess but little interest in a medical or economical 
point of view, but none are unwholesome. A number of species 
are cultivated in this country on account of the beauty of their 
flowers. 

Natural Order 112. Onagraoeje. — T he Evening Primrose 
Order. — Character. — H< rbs or shrubs. Leaves alternate or 
opposite, simple, exstipulate, without dots. Calyx 

Fro. 955. (Jig. 955) superior, tubular, with the limb usually 
4-lobed, or sometimes 2-lobe i (Jig. 777) ; in «*esti- 
vation valvate. Petals usually large and showy, 
generally regular and equal in number to the 
divisions of the calyx (Jigs. 777 and 955), twisted 
in aestivation, and inserted into the throat of the 
calyx, rarely absent. Stamens (Jigs. 777 and 955), 
definite, 2, 4, or 8, or rarely by abortion 1, 
inserted with the petals into the throat of the 
calyx; filaments distinct; pollen trigonal (Jigs. 
508 and 570). Ovary inferior (Jig. 955), 2 — 4- 
celled ; placentas axile ; style 1, filiform ; stigma 
lobed or capitate. Fruit capsular, or succulent 
and indehiscent, 1, 2, or 4-celled. Seeds numerous, 
without albumen ; embryo straight. 

Diagnosis. — Herbs or shrubs, with simple exsti- 
pulate dotless leaves. Calyx superior, 2— 4-lobed, 
valvate in Aestivation. Petals usually equal in num- 
ber to the lobes of the calyx, with a twisted aestiva- 
tion, or rarely absent. Stamens few, inserted into 
Fig. 955 . Vertical the throat of the calyx with the petals. Ovary bi- 
section of the ferior, 2 — 4-celled ; style simple ; stigma lobed or 
flow or of aWii- ca pjtate. Fruit dehiscent or indehiscent. Seeds 
lobmm). numerous, without albumen. 

Distribution, Examples, and Numbers. — Chiefly 
natives of the temperate parts of North America and Europe ; 
many are also found in India, but they are rare in Africa, 
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except at the Cape. Examples of the Genera : — CEnothera, 
Epilobium, Fuchsia, Circsea. There are about 460 species. 

Properties and Uses.— Generally the plants are harmless, and 
possess mucilaginous properties. The roots of (Enothera biennis 
and other species are edible. The fruits of many Fuchsias are 
somewhat acid and good to eat. Some species of Jussiwa are 
astringent. 

Natural Order 113. Haloraoaoe.e. — T he Mare’s- tail or 
Water- Chestnut Order. — Diagnosis. — Herbs or shrubs , generally 
aquatic. Flowers small (Jig. 407), frequently incomplete and 
unisexual. They are nearly allied to Onagraceie, and, in fact, 
are merely a degeneration or imperfect form of that order. 
They are known from it by their minute calyx, the limb of which 
is frequently obsolete ; and by having solitary pendulous seeds, 
which have fleshy albumen, or .are exalbum inous. 

Distribution , Examples, and Numbers. — They are found in all 
parts of the world. Examples of the Genera: — Hippuris, Trapa. 
There are about 70 species. 

Properties and Uses. — Of little importance except for their 
edible seeds. 

Trapa. — This is a germs of floating aquatic plants, remarkable for their 
horned fruit and large amygdaloid seeds with unequal cot) ledons. The 
seeds are edible; those of Trapa unions are called Chutaigne <VEau by the 
French, and Jesuit’s Nuts at Venice. In “oiiio parts of Southern Europe 
they are ground, and made into a kind ot bread. — T. bieornis is called ting 
by the Chinese, and its seeds are highly esteemed by them. — T. bispinosa is 
the Singhara Nut ; its seeds are laigtiy consumed in Cashmere and some 
other paits of India. 

Natural Order 114. Combretace.e. — T he Myrohalans Order. 
— Character. — Trees or sh rubs. Leaves exstipulatc, entire, with- 
out dots. Floi re rs perfect or unisexual. Calyx superior, with a 
4— 5-lobed deciduous limb. Petals equal in number to, and 
alternate with, the lobes of the calyx, often absent. Stamens 
inserted with the petals on the calyx, generally twice as 
numerous as its lobes, or thrice as many, or sometimes equal to 
them in number ; anthers 2-celled, with longitudinal or valvular 
dehiscence. Ovary inferior, 1 -celled, with 2 — 4 pendulous 
ovules ; style and stigma simple. Fruit indehiscent, 1-seeded. 
Seeds exalbutninous ; cotyledons leafy, convolute or plaited. 

Distribution , Examples, and Numbers. — Exclusively natives of 
the tropical parts of America, Africa, and Asia. — Examples of the 
Genera : — Torminalia, Combretum. There are about 200 species. 

Properties and Uses. — The order is chiefly remarkable for the 
presence of ui astringent principle ; hence the bark of some 
species, and the fruits and flowers of others, are employed in 
tanning and dyeing. Some yield excellent timber. 

Combretum butyrosvm, a native of South-Eastern Africa, produces a kind 
of vegetable butter, which is called Chiquito by the Cadres, by whom it is 
used to dress their victuals. 
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Quisqualn indica . — The seeds are in repute in the Moluccas for their 
anthelmintic properties. 

Terminalia . — The fruits of several species are largely imported into this 
country under tl e name of Myrobalans or Myiabolams. The principal 
kinds of myrobalans are the Chebulic and the Belleric ; the first is obtained 
from T. Che.hu la, and the latter from T. bel'erica. Myrobalans are prim i- 
pally used by calico printers for the production of a black colour which is 
very permanent. They are also employed bv the tanner. The belleric 
myrobalans have been also called Bastard Myrobalans and Bedda Nuts. 
The tiowers of T. Chebula are also used as a dve in Travanoore, and the 
ripe fruit is said to be an efficient purgative. The seeds of T. helleriea are 
eaten by the natives of some parts of the East Indies, but they possess 
intoxicating properties, and have produced symptoms of narcotic poisoning. 
The seeds of T. Catappa yield about fifty per cent, of an oil which is said to 
resemble almond oil in its properties. The seeds are edible, resembling 
almonds in shape, and are hence called Country Almonds in India. The 
seeds of T. citrina are purgative. — T. Benzoin has a milky juice, which 
upon drying forms a fragrant and resinous substance resembling benzoin in 
its properties (See Stynu • Benzoin.) 


Natural Order 115. Riiizophoka< — The Man grove Order. 
— Character. — Trees (Jig. 250) or shrubs. Leaves simple, op- 
posite, dotless or rarely dotted, with deciduous interpetiolar 
stipules. Calyx superior, 4 — 12-lobed, with a valvate aestivation, 
the lobes sometimes united sc* as to form a calyptra. Petals 
arising from the calyx, alternate with its lobes and equal to 
them in number. Stamens on the calyx, twice or thrice as many 
as its lobes, or still more numerous. Ovary inferior, 2, 3, or 

4- celled, each cell with 2 or more pendulous ovules. Fruit in- 
dehiscent, 1-celled, 1 -seeded, crowned by the calyx. Seed pen- 
dulous, exalbuminous, usually germinating while tbe fruit is 
still attached to the tree. 

Distribution. Examples, and Nv,ml>ers.— Natives of muddy 
sea-shores in tropical regions. Examples of the Genera : — 
Rhizophora, Brwguiera. There are about 20 species. 

Properties and Uses.— Generally remarkable for their astrin- 
gent properties, whence they are used for dyeing and tanning, 
and also in medicine as febrifuges and tonics. 

Rhizophora Mangle. — The Mangrove-Tree. — Tbe hark is sometimes im- 
ported into this country as a tanning material, but it is not much used. The 
liuitis sweet and edibk, and its juice when fermented forms a kind of wine. 

Natural Order 110. Alanoiaceas. — T he Alangium Order. — 
Character. — Trees or shrubs. Leaves alternate, entire, ex- 
stipulate, without dots. Calyx superior, 5 — 10- toothed. Petals 

5 — 10, linear, reflexed. Stamens equal in number to, or twice or 
four times as numerous as, the petals ; anthers adnate. Ovary 
inferior, 1 — 2-celled ; style simple ; ovules solitary, pendulous. 
Fruit drupaceous, more or less united to the calyx, 1-celled. Seed 
solitary, pendulous, with fleshy albumen, and large flat leafy 
cotyledons. 

Distribution , Examples , and Numbers. — Natives of various 
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parts of the East Indies and the United States. Examples of 
the Genera : — Alangium, Nyssa. There are about 8 species. 

Properties and Uses . — Of little importance. Some species of 
Alanginm are said to be purgative and aromatic ; and their suc- 
culent fruits are also edible. The fruit of Nyssa cjpitata or 
candicans is used occasionally as a substitute for Lime fmit, 
whence it is called the Ogee] tee Lime. 

Natural Order 117. CounacevE. — T he Cornel or Dogwood 
Order. — Character. — -Shrubs, trees, or rarely herbs. Leu res 
simple, opposite or very rarely alternate, exstipulate. Flowers 
perfect or rarely unisexual, arranged in heads, or in a corym- 
bose, or umbellate manner, with or v ithout an involucre. ( 'a lyx 
superior, 4-lobed. Petals 4, broad at the base, inserted at the 
top of the catyx-tube ; jvsti ration valvate. Stamens 4, inserted 
with the petals and alternate to them. Geary inferior, sur- 
mounted by a disk, 2-celled ; ovule pendulous, solitary, anatro- 
pous ; style and dig nut simple. Fruit drupaceous, crowned with 
the remains of the calyx. Seed pendulous, solitary ; embryo in 
the axis of fleshy albumen ; cotyledons large and leafy. 

Diagnosis . — Trees, shrubs, or rarely herbs, with simple ex- 
stipulate, and (with but one exception) opposite leaves. Flowers 
perfect or sometimes unisexual. Calyx superior, 4-lobed. Co- 
rolla with 4 petals, and a valvate aestivation. Stamens 4, alter- 
nate with the petals. Ovary inferior, usually 2-celled, with a 
single pendulous anatropous ovule in each cell ; style and stigma 
simple. Fruit drupaceous. Embryo in the axis of tieshy albumen. 

Distribution , Examples, and Numbers. Natives of the tem- 
perate parts of Europe, Asia, and America. Examples of the 
Genera : — Cornus, Aucuba. There are above 40 species. 

Properties and Uses. The plants of this order are chiefly 
remarkable for tonic, febrifugal, and astringent properties. 

Cornus. — The bark of C.florida is official in the United States Pharma- 
copoeia ; and is used as a substitute for Peruvian bark in the treatment of 
intermittent and remittent fevers. It is there commonly known under tin* 
name of Dogwood Jhnk . The barks of C. circuiata and C. serirea are also 
official in the United States Pharmacopoeia, and have similar pioperties to 
the former. Ihe fruit of C. mascula , the Cornelian Cherry, is astringent, a 
property also possessed by the leaves and flowers. The fruit, called Knmia , 
U much esteemed bv the Turks on account of its agreeable acid flavour. 
'Jhev use the juice in their sherbets and for other purposes. The fruits of 
C. suecica are used by the Esquimaux for food ; and in the Highlands of 
Scotland they are reputed to possess tonic properties, the plant yielding 
them being there termed lus-a-chrasis , or plant of gluttony, in allusion to 
the supposed effect of the fruits in increasing the appetite. The seeds of C. 
sanguined , the common Dogwood of our hedges, j r icld a fixed oil, which has 
been used for burning in lamps. Charcoal for the manufacture of gun- 
powder is also pr pared from the wood. The fresh twigs of C. fiorida or 
other species are much used in the United States and in the West Indies to 
rub on the teeth for the purpose of whitening them. 

Natural Order 118. Hamamelidace^e. — The Witch-Hazel 
Order. — Character. — Small trees or shrubs, with alternate 
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leaves, and deciduous stipules. Flowers perfect or unisexual. 
Calyx superior, 4 or 5-lobed. Petals 4 or 5, with an imbricate 
aestivation, or altogether wanting. Stamens 8, half of which are 
sterile and placed opposite to the petals, and half fertile and 
alternate with them ; anthers 2-celled, introrse. Ovary inferior, 
2-celled ; styles 2. Fruit capsular, 2-valved, with a loculicidal 
dehiscence. Seeds pendulous, albuminous. 

Distribution, Examples , and Numbers. — Natives of North 
America, Asia, and Africa. Examples of the Genera : — Hama- 
melis, Rhodoleia. There are about 20 species. 

Properties and Uses. — Of but little importance. 

Hamamelis virginica yields oily edible seeds ; and its leaves and bark 
possess astringent properties and have been much Used in diarrhoea, dysentery, 
and other affections. 

Natural Order 119. Bkuniaoe.e. — T he Brunia Order. — 
Character. — Heath-like shrubs, with small imbricate, rigid, 
entire, exstipulate leaves. Calyx usually superior, or sometimes 
nearly inferior, imbricate. Petals and stamens 5, inserted on 
the calyx, the petals alternate with the divisions of the calyx 
and imbricate ; anthers 2-celled, extrorse, bursting longitudi- 
nally. Ovary superior or half-inferior, 1 — 3-celled, with 1 or 2 
suspended anatropous ovules in each cell ; style simple or bitid. 
Fruit crowned by the calyx, 1 or 2-celled, in the first case in- 
dehiscent, in the latter dehiscent. Seeds with a minute embryo, 
in fleshy albumen. 

Distribution, Examples, and Numbers. — Natives of the Cape 
of Good Hope except one Madagascar species. Examples of the 
Genera Brunia, Ophiria. There are about CO species. 

Properties and Uses . — Unknown. 

Natural Order 120. Umbeluferas or Apia(\ele. — T he Um- 
belliferous Order. — Character. — Herbs , shrubs , or very rarely 
small trees, with hollow or solid stems. Leaves alternate, 
generally amplexicaul {fig. 270), usually compound {fig. 358) 
or sometimes simple, and always exstipulate. Flowers generally 
in umbels {figs. 393 and 425), white, pink, yellow, or blue, with 
{fig. 393) or without {fig. 425) an involucre. Calyx {fig. 572) 
superior, the limb entire or 5-toothed, or obsolete. Petals 5 
{fig. 672), usually indexed at the point, often unequal in size, 
inserted on the calyx outside the disk which crowns the ovary ; 
aestivation imbricate or rarely valvate. Stamens 5, inserted 
with the petals and alternate with them {fig. 572), incurved in 
aestivation. Ovary inferior {fig. 572), crowned by a double 
fleshy disk {stylopod) {fig. 572, d), 2-celled, with a solitary pen- 
dulous ovule in each cell ; styles 2 ; stigmas simple. Fruit 
called a cremocarp or diachaenium {figs. 709 and 957), consisting 
of 2 carpels {mericarps), adhering by their face {commissure) to 
a common axis {carpophore), from which they ultimately separate 
and become pendulous {fig. 709) ; each mericarp {fig. 968 ) an 
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indehiscent 1-seeded body, traversed on its dorsal surface by 
ridges, a , a, of which there are usually 5, but sometimes there 
are 4 others, alternating with them, in which case the former 
are termed primary , and the latter secondary ridges ; the spaces 
between the ridges are called channels (vallecula?), b, b, in which 


Fig. 956. 


Fio. 957. 




Fig. 950. 


Fig. 958. 




Fig. 956. a, General tunbd of Fool’s Parsley (ASthum Fymtpium) in fruit, b. 

One of the umbollules, showing the 3-leaved unilateral jjenduloUS involucel. 
Fig. 957. A side view of the ripe fruit of the Hemlock ( Comum macu- 
la turn) Fig. 958. Transverse section of the fruit of the same. Fig. 

959. Vertical section of one of the halves ( mericarp ) of the same fruit. 

The letters refer to the same parts in the three last figures, a, a. Ridges. 

6, b. Channels, d. Albumen. /. Embryo, g. Remains of the styles, h. 
Axis. t. Prolonged axis or carpophore. 

are sometimes linear oily receptacles called vittae (fig. 171). 
pendulous (fig. 959) ; embryo minute, at the base of abundant 
homy albumen fig. 959, /) ; radicle pointing towards the hilum. 

Diagnosis —Herbs or shrubs. Leaves alternate, usually 
compound and amplexicaul, or sometimes simple, and always 
exstipulate . Flowers almost always arranged in a more or less 
umbellate manner. Calyx superior. Petals and stamens 5, 
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inserted on the outside of a double fleshy disk which crowns the 
ovary. Ovary inferior, 2-celled, with a solitary pendulous ovule 
in each cell ; styles 2. Fruit consisting of two indehiscent carpels, 
which separate, when ripe, from a common axis or carpophore 
Seeds pendulous, one in each carpel, with a minute embryo at 
the base of abundant horny albumen. 

Dr. Seemann, who intimately studied the plants of this order 
and those of the Araliaceae, proposed to eliminate from the 
Umbel lifer/e all those species which had valvate petals and 
certain other characters derived from their fruit, and to place 
them in a new order to which he gave the name of Hederacem. 
(See Am lia ecu’.) 

J )ivision of Hip Order and Examples of the Genera. — The order 
has been divided into three sections from the appearance of the 
albumen, but these sub-orders are by no means well detined. 
They are as follows : — 

Sub-order 1. Orthospcrme/e. — Albumen flat on its face. Ex- 
amples : — Hydrocotyle, Sanicula, Cicuta,(Enantlie, Heracleum, 
Daucus. 

Sub-order 2. Gampplospermese. — Albumen rolled inwards at 
the margins, and presenting a vertical furrow on its face. 
Example*. — Anthriscus, Chmrophyllum, Conium. 

Sub-order 3. Vodosperme: e. — Albumen with the base and apex 

curved inwards on its face. Examides: — Ormosciadium, 

Coriandrum. 

Distribution and Numbers. — Chiefly natives of the northern 
parts of Europe, Asia, and America. Many occur, however, in 
the southern hemisphere. They are rare in tropical regions 
except upon the mountains, wdiere they are by no means uncom- 
mon. There are about 1,5(10 species. 

Properties and Uses.- Extremely variable ; thus, some are 
edible ; others aromatic and carminative, and, in some cases, 
stimulant and tonic, from the presence of a volatile oil ; some, 
again, contain a liarcotieo-acrid juice, which renders them more 
or less poisonous ; w hile others are antispasmodic and stimulant 
from the presence of a more or less foetid gum-resin, which is 
essentially composed of gum, resin, and volatile oil. This oil 
in the case of Asafoetida contains sulphur. 

1. Esculent ITmbellifer.e. 

Anthriscus . — Two species of this genus are cultivated — A. Cerefolium , 
the Chervil, the leaves of which are used for fla\ouring soups, salads, &c. ; 
and A. bulbosus , the Parsnip Chervil, for its edible roots. 

Apiutn praveo 7 enSy Celery. — Bv cultivation with the absence of light, the 
stem nnd petioles become succulent and develop but little aromatic oil, and 
are then edible. 

Anesnrhiza capensis is eaten at the Cape of Good Hope. 

Arracacha esculenta, Arracacha, a native of New Granada, has large 
esculent roots. 
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Bunium. — B. flexuntum and B. Bulbocastanum have roundish tubercular 
roots, which are edible; they are known under the name of Earth-nuts or 
Pig-nuts. — B. ferulsefolium, a native of Greece, has also edible tubercules, 
which are termed Topana. 

Carum, Gairdnen . — The roots of this plant are much eaten by the 
Indians of the Pacific coast of North America, either raw or boiled with 
other substances. 

Crithmum maritimnm , Samphire, is commonly used as an ingredient in 
pickles. 

Daucrn Camta , var. sativa , the cultivated or Garden Carrot, is well 
known for its esculent roots. 

Fcpnicnhnn. — F. vulgare is the Common Fennel ; and F. dulce the Sweet 
Fennel. The latter is frequentty considered as a cultivated variety of the 
former ; but both plants appear to be varieties of F. capillaceum. Both 
are well-known as pot-herbs and garnishing substances. — F. capensis is a 
Cape esculent. 

Ferula . — The roots of several species of this genus, and of other allied 
plants, are eaten in Oregon and some other parts of North America. 

Hafoscms scoticum is the Scottish Lovage. 

Hein sc indium cahformcum . — The roots are said by M. Gevcr to be very 
delicious ; they are eaten by the Saptorin Indians in Oregon. 

(Enanlhe pimptnellotdes is said bv Lindley to have wholesome roots, but 
the species of (Enanthe arc generally very poisonous. (See Poisonous 
Umhelhfersc.) 

Pastmaca sativa, the Parsnip. — The roots of the cultivated plant are the 
parts eaten. 

Petrose/inum sativum is the Common Parslev of our gardens. An oily 
liquid, whidi has been named apiot by its discoverers, Joret and Ilomolle, 
may be obtained from the fruits; and has been reputed of value in inter- 
mittent fevers, and as an emvnenagoguc. 

P rango8 pabvlaria . — The herb is used ns sheep food in Tnrtary and the 
adjoining countries, and has been introduced as a forage plant into this 
country. The prevalent idea that its use corrects the tendency to rot in 
sheep is altogether erroneous. 

Sium Sisarum is commonly known under the name of Skirret. It is 
sometimes cultivated for its edible roots. 

Smi/rnium Olusatrum , Alexanders. — This plant was formerly cultivated 
like Celery. 

2. Aromatic, Carminative, Stimulant, ani> Tonic Umrellifeujr. 

Anethum ( Peucedumim ) qravenlens , the Dill; Carum Carui , the Caraway ; 
Coriandrum saiivum , the Coriander ; Cuminnm Cyminum , the Cummin , 
Daucus Camta , the Carrot ; Eoeniculum ( capillaceum ) vulgare , the Common 
Fennel; Foeniculum ( capillaceum ) dulce , the Sweet Fennel; Fceniculum 
Panmorium , an Indian species; PimpineHa Anisum, the Anise; and Ptychntis 
( Carum ) Autumn , the Ajwain or Omum, a native of Egypt, Persia, Af- 
ghanistan, &c , and much cultivated in India. The fruits of the above 
plants, commonly terme i seeds, all possess aromatic, carminative, and more 
or less stimulant properties, which are due to the presence of volatile oils 
contained either in the vittee, or pericarp. Some are also employed as 
condiments, and for flavouring liqueurs. They are too well known to need 
any detailed description. The fruits of Levisticum officinale , Lovage, have 
somewhat similar properties. 

Archangelica officinalis , Angelica. — The root and fruits are pungent 
aromatic stimulants and mild tonics. They are principally used in the 
preparation of gin, and the liqueur known under the name of bitters. The 
young shoots are also made with sugar into a sweetmeat or candy, which 
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forms a very agreeable stomachic. The petioles were formerly blanched 

and eaten like Celery. 

Daucus Carota , var. sativa.— The roots are used in the form of a poultice, 
on account of their moderately stimulant properties. 

Eryngium campestre and E. maritimum , Eryago, have sweet aromatic 
roots, possessing tonic properties. 

Ferula ( Euryangium) Sumbul.— The root, which is official in the British 
Pharmacopoeia, is imported into this country from Kussia. It is also official 
in the Pharmacopoeia of India. It is corarnonlv known as Sumbul- root , and 
also, from its strong musky smell, as Musk-root . It is a nervine stimulant, 
and antispasmodic. 

Hydrocotyle asiatica. — The leaves, particularly when in a fresh state, 
are employed in India both internally and externally, in leprosy, secondary 
syphilis, &c. The v are official in the Pharmacopoeia of India. As a remedial 
agent in leprosy they excited much attention some years since in the Island 
of Mauritius, under the name of Bevilucqua. 

Meum. — M. athamanticum, Bald-money or Mew ; and M. Mutellina , have 
aromatic tonic roots. 

Selinurn pahistre. — The root has long been popularly u^ed in some pro- 
vinces of Russia, as a remedy in epilep*»v. It has also been employed in 
Ik oping cough, and other nervous affections; but when tried in regular 
practice its use has not been attended with any marked success. 

3. Poisonous Umbellifkiue. 

The poisonous properties of these plants are due to the presence of a 
narcotico-acrid juice, and seem to varv according to the nature of the soil 
and climate, for Sir Robert Christison has noticed, that certain species which 
are generally regarded as poisonous, are quite harmless when obtained from 
certain localities near Edinburgh. This is a very important point, and one 
which requires further investigation. Should it prove to be true in all cases, 
it would probably account in a great degree for the varying strength of the 
official preparations of Hemlock, which is commonly believed to arise from 
their careless preparation ; and also to the different opinions entertained as 
to the poisonous or non-poisonotis properties of some other species of Um- 
belliferous plants. 

JEthusa Cynaphnn , Fool’s Parsley, is a very common indigenous plant, 
and usually regarded as possessing poisonous properties ; but this is 
altogether contrary to the experience of Dr. John Harley. Ficinius and 
Walz have, however, both isolated alkaloids, the first a erystallisable, very 
poisonous substance ; the latter a liquid alkaloid, resembling conia and 
nicotia. The leaves have been mistaken and eaten for tlio^e of Parsley. 

(Enanthe. — (Enanthe rrocata , Hemlock Drop-wort or Dead-tongue, and 
(Enunthe Pheltandrinm , Fine-leaved Water Drop-wort, are intensely poison- 
ous in most localities. The roots of (Enanthe pimpinelfoide* , as already 
noticed, are said, however, to be wholesome. (See Esculent V mbelUftrec.) 
All the above species are indigenous — (Enanthe Jistulosa , a native of the 
United States of America, is also very poisonous. 

Cicuta. — C. virosa , Water Hemlock or Cowhane. is another indigenous 
plant of a highly poisonous nature. Its poisonous principle has been termed 
cicutoxin. — C. maculata , a native of America, has also very poisonous roots, 
which from having been mistaken for those of other harmless Umbelliferm , 
have not unfrequently led to fatal results. The latter plant has been used 
as a remedy in nervous and sick headaches. 

Conivm maculatum y Hemlock. — This plant is indigenous ; it has been for 
a long time official in our pharmacopoeias. In proper doses it is extensively 
employed in medicine to relieve pain, relax spasm, and compose nervous 
irritation in general. It owes its properties chiefly to the presence of a 
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colourless oily liquid with a penetrating mouse-like odour, to which the 
name of Conia has been given. In improper doses, Hemlock is a powerful 
poison, and fatal accidents have arisen from its having been mistaken for 
other harmless Umbelliferous plants. 

4. UMBlil.UMSK K YIELDING FtETID Gt*M-R ESINS. 

The most important of these gum-resins are, Asafietida , Ammoniacum , 
and Galbanum ; all of which are official in the British Pharmacopoeia. 
Opoponax and Sagapenum are others, but they are now scarcely ever used 
in this country. They all possess antispasmodic and more or less stimu- 
lant properties ; this is especially the case with Asafoetida, which is also 
extensively used as a condiment in Persia, India, and other parts of the 
East, in the same way as garlic and other allied plants are employed in 
Europe. Ammoniacum and Galbanum also possess expectorant properties, 
and both are used externally in the form of plasteis to promote the absorp- 
tion of tumours and chronic swellings of the joints. The plants yielding 
these gum-resins are not in all cases known, but they are exclusive^” natives 
of Persia, Afghanistan, Thibet, and the adjacent regions, except the one 
yielding Opoponax, which is found in the South of Europe, and in Syria. 
These gum-resins are chiefly imported into this eouiitrv from India, 
although sometimes from the Levant. They are commonly seen in two 
forms — that is, in roundish or irregular tears ; or in masses formed by their 
union. 

Ammoniacum is yielded by Dorcma Ammoniacum , J). Auchcri , and pro- 
bably other species. It exudes from the stem seemingly to some extent 
spontaneously, hut principally, in consequence of punctures produced by 
innumerable beetles when the plant has attained perfection. It appears to 
be solely collected in Persia. The root of l). Ammo mac uni is used in India 
in the Barsee fire- temples as incense, and is imported from Persia under the 
name of Boi. This root is the sou ice of the Indian Sumbul Root of Pereira. 

Asafvetida . — This is obtained bv incision fjom the living roots of Ferula 
Narthex, F. Scorodosmu , and probably other species, in Afghanistan and 
Persia. We have, however, no positive evidence of F. Karthei having been 
found extept in Thibet. The fruit is also sometimes employed in India 
under the name of Anjudun. 

Galbanum . — This gum-resin is principally derived from Ferula galbani- 
Jlua , of Buhse ; but some also appears to he obtained from F. rubncaulis, 
Boiss., and F. Schalr , Bos/.c/ow. 

Opoponax appears to be obtained from incisions into the living root of 
Opoponax Chironium , which was formerly called Fasti tiara Opoponax , 

Sagapenum. — Nothing positive is known with respect to the plant yielding 
this substance. It has been supposed to be derived from the root of Ferula 
peisica , or some other species of Ferula. 

Thapsia garyanica is said to be the Silphium plant of the ancients. The 
gum-resin from which the blistering property has been removed, has been 
highly recommended as a remedy in pulmonary affections, more especially 
in phthisis. The Silphium plant is however sometimes stated to be the 
Na rthex Silphium , Oersted. 

Natural Order 121. Araliace.e. — The Ivy Order. — 
Character. — Trees, shrubs, or herbs. Leaves alternate, without 
stipules (Jig. 21C). Flowers generally in umbels or capitate, 
usually perfect (Jig. 900) or rarely unisexual. Calyx more or 
less superior (Jig. 960), entire or toothed. Petals (Jig. 900), 2, 
4, 5, 10, deciduous, almost always valvate in aestivation or 
rarely imbricate, generally distinct or rarely monopetalous, 

o o 2 
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occasionally wanting. Stamens corresponding in number to the 
petals and alternate with them {Jig. 960), or twice as many, 
inserted on the outside of a disk which 
crowns the ovary; anthers turned in- 
wards {Jig. 960), with longitudinal de- 
hiscence. Ovary {fig. 960) more or less 
inferior, usually with more than 2 cells, 
or very rarely 1 -celled, crowned by a 
disk, each cell with a solitary pendulous 
anatropous ovule ; styles as many as the 
cells, sometimes united ; stigmas simple. 
Fruit usually 3 or more celled, succulent 
or dry, each cell with 1 pendulous seed, 
with fleshy albumen. 

Diagnosis. — Closely allied to Umbel - 

F,„. m. Flower of the rom- f ro “ which it may be generally 

mon ivy ( Hedera Helix). distinguished by the valvate aestivation 

of the corolla ; by the fruit being usually 
3 or more celled, the carpels of which do not separate when ripe 
from a forked carpophore ; and from the seed possessing fleshy 
albumen. There is also a greater tendency among Araliacese to 
form a woody stem than in Umbelliferse. 

As already noticed (seepage 560), Dr. Seemann has proposed 
a new order under the name of Hederacese, to include certain 
plants of this order and of the Umbelliferpe. 

Distribution, Examples, and Numbers. — These plants are 
universally distributed, being found in tropical, sub- tropical, 
temperate, and the coldest regions. Examples of the Genera : — 
Panax, Aralia, Hedera. The order includes about 160 sp>ecies. 

Properties and Uses. — It must be regarded as a somewhat 
remarkable fact, that, nearly allied as the Araliacem are to the 
Umbelliferte, they never possess to any degree the poisonous 
properties which are frequently found in plants of that order. 
The Araliacese are generally stimulant, aromatic, diaphoretic, 
and somewhat tonic. 

Aralia. — A. nvdicavlis is a native of North America, where its roots are 
used popularly as an alterative and stimulant diaphoretic in rheumatic 
affections ; they are commonly known under the name of False or American 
Sarsaparilla , and are sometimes forwarded to this country. Under the 
name of Babbit-roots they have been also used as a remedy in syphilis by 
the Crees, in North America. The bark of A. spivnsa , called Angelica or 
Toothache tree in North America, is used as a stimulant diaphoretic. — A. 
rarenosa , A. spinosa , and A. hispida , yield aromatic gum-resins. — A. edulis 
is used in China as a diaphoretic. Its young shoots and roots are also eaten 
as a vegetable in China and Japan. 

Qunnera scabra is remarkable for its enormous leaves, which are some- 
times as much as eight feet in diameter ; the fleshy petioles resemble those 
of the Rhubarbs in appearance, and are eaten. Its roots are astringent. 

Hedera Helix , the Ivy, is reputed to be diaphoretic, and its berries are 
emetic and purgative. It contains a peculiar acid called hederic acid , which 
is supposed to be a glucoside. 
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Panax. — P. Ginseng or Schinseng. — The root of this plant, which is a 
native of Northern Asia, constitutes Ginseng , which is so highly prized by 
the Chinese as a stimulant and aphrodisiac, that they will sometimes give 
for it its weight in gold. The name Ginseng signifies 4 Wonder of the 
World.’ — P. quinquefolium is a native of North America. Its root is 
known under the name of American Ginsenp. It has similar properties 
to the preceding. — P. Pseudo- Ginseng, a native of India, appears to have 
similar properties. — P. fruticosuniy P. cochleutum , and P. t Anisum have 
aromatic properties. 

Tetrapanax (Aralia) papyri f era, the Fatsia papyrifera of Bentham and 
Hooker. — From the pith of this plant, a native of the island of Formosa, the 
rice paper, which is used by the Chinese for making artificial flowers, &c., 
is prepared. 

Artificial Analysis of the Natural Orders in the Sub-class 

Calycifloras . — Modified from Lindley. 

(The numbers refer to the Orders in the present work.) 

1. Flowers Folyandkous. — S tamens more than 20. 

A. Ovary wholly superior. 

a. Leaves without stipules. 

1. Caipcls more or less distinct , (at least as to 

the styles ) / or solitary. 

Stamens distinctly perigynous. Ovules 

suspended or ascending . . . Rosacese. 82. 

Stamens more or less hypogynous. Ovules 
attached to a long luniculus arising 
from the base of the cell . . . Anacaidiaceas. 70. 

2. Carpels wholly combined , (at least as to the 

ovaries ). 

Sepals 2, united at the base only. Ovary 
with a free central placenta . . . Portulacacese. 1)2. 

Sepals more than 2, united into a tube. 

Ovary with axile placenta . , . Lythracese. 84. 

b. Leaves with stipules. 

1. Carpels more or less distinct , (at least as to 

the styles ) ; or solitary. 

Calyx w ith the odd lobe inferior. Stamens 

more or less hypogynous . . . Leguminosee. 80. 

Calyx with the odd lobe superior. Stamens 

perigynous Rosacese. 82. 

2. Carpels wholly combined , (at least as to the 

ovaries). 

Ovary 1-celled with a free central pla- 
centa Portulacacex. 92. 

B. Ovary inferior, or partially so. 
a. Leaves without stipules. 

I. Placentas parietal. 

Petals definite in number, distinct from 

the calyx Loasacese. 100. 

Petals indefinite in number, gradually 
passing into the sepals .... Cactacese. 102. 
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2. Placentas in the axis. 

Leaves with transparent dots. 

Ovary 1-eelled. Cotyledons not dis- 
tinct 

Ovary with more than 1 cell. Coty- 
ledons distinct . . . . 

Leaves without dots. 

Petals very numerous . 

Petals definite in number. 

Petals narrow and strap-shaped 
Petals roundish and concave. 

Styles united . . . . 

Styles distinct . 


Chamselauciaceee. 108. 

Myrtaceee. 106. 

Mesembryacese. 93. 

Alangiacew. 116. 

Rarringtoniacew. 109. 
Philadelphacese. 105. 


h. Leaves with stipules. 

1. Carpels more or less distinct , or solitary . Rosaceap. 82. 

2. Carpels wholly combined , ( at least as to the 

ovaries'). 

Leaves opposite Rhizophoraceas. 1 15. 

Leaves alternate. 

Placentas axile Lcnjthiduceac. 1C7. 

Placentas parietal .... J/omuliaceae. 107. 


2. Flowers Olioandrous. — Stamens less than 20. 


A. Ovarv wholly superior. 
a. Leaves without stipules. 

1. Caipels more or less distinct , or solitary. 
Carpels with hypogynous scales. 

Each carpel having one scale . 

Each carpel having two scales 
Carpels without hvpogynous scales. 

Carpels several, all perfect .... 
Carpels solitary, or all but one imperfect. 
Leaves without dots. 

Ovule single, suspended by a cord 
rising from the base of the carpel 
Ovules collateral, ascending, sessile . 
Leaves dotted 

2. Carpels wholly combined, (at least by their 

ovaries). 

Placentas parietal. 

Flowers with a ring or crown of sterile 
stamens. 

Flowers unisexual. 

Female flower coronetted . 
Female flower not coronetted 
Flowers hermaphrodite 
Flowers without sterile stamens . 
Placentas axile. 

Styles distinct to the base. 

"Carpels each with one liypogynous 

scale 

Carpels without hvpogynous scales . 
Styles more or less combined. 

"Calyx imbricate. 

Sepals 2 


Crassvlacete. 89. 
Francoacete. 90. 

Calycanthacesc. 83. 


Anacardiacesc. 76. 
Connaracew. 78. 
Amyridacew. 79. 


Pangiaceee. 98. 
Papayacese. 97. 
Malesherbiacesc. 95. 
Tumeracese. 96. 


Crassvlaceee. 89. 
Saorifragacem. 85. 


Portulacaceae. 92. 
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Sepals more than 2. 

Ovules ascending . . . Celastrarew. 71. 

Ovules suspended . . . Rruniaceee. 119. 

Calvx valvate. 

Stamens opposite to the petals, 

isomerous Rhamnacete. 75. 

Stamens alternate with the petals 
if isomerous. 

Leaves simple. Calyx tubular Lythracem. 84. 
Leaves compound. Calyx not 

tubular .... Amyridaceec. 79. 


b. Leaven with stipules. 

1. Carpels distinct , or solitary. 

Fruit leguminous ; odd sepal inferior . 

Fruit not leguminous ; odd sepal superior . 

2. Carpels wholly combined , («£ least by their 

ovaries). 

Placentas parietal. 

Flowers with a ring of appendages 
Flowers without a ring of appendages 
Placentas in the axis. 

St vies distinct to the base. 

Y’etals minute 

Petals conspicuous. 

Leaves opposite .... 
Leaves alternate .... 
Styles more or less combined. 

Calyx imbricate. 

Flowers spurred .... 
Flowers not spurred. 

Leaves simple. Petals united by 
their claws into a tube 
Leaves compound. Petals distinct 
Calyx valvate. 

Stamens opposite to the petals, i«o- 

merous 

Stamens twice as many as the petals 


Leguminom’. 80 
Rosace tv. 82. 


Passifl tr'icetv. 94 
JMorittgacea * . 81. 

Paronychiacece. 91 . 

Cunoniacetp. 88. 
Suxifraynceir, 85. 


Cochysinccfv 71. 


Stackhovsiacew. 72. 
Staphyleaceat. 73. 


Rhnmnacetr. 75. 
Amyriduceae. 79. 


B. Ovary inferior, or partially so. 

a. Leaves without stipules, or with cirrhose sti- 
pules. 

Placentas parietal. 

Flowers completely unisexual. Monopeta- 

lous 

Flowers hermaphrodite or polygamous. Pe- 
tals distinct 

Placentas in the axis. 

Flowers in umbels. 

Styles two ...... 

Style three or more .... 

Flowers not in umbels. 

Carpel solitary. 

Petals strap shaped, reflexed . 
Petals oblong. 

Leaves balsamic .... 

Leaves insipid. 


Cucurbitnccrr. 99. 
Grossulariaceee. 103. 


Umbedi ferae. \ 20. 
Araliacetp. 121. 

AJangiareae. 116. 
Anacardiaceae. 76. 
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Cotyledons convolute . . Combretaceae. 114. 

Cotyledons flat .... Haloragaceas. 113. 
Carpels two or more, divaricating at the 
apex. 

Leaves alternate. Herbs . . Saxifragaceae. 85. 

Leaves opposite. Shrubs . . Hydrangeaceae. 86. 

Carpels two or more, not divaricating, 
combined. 

Calyx valvate. 

Stamens opposite to the petals, iso- 

rnerous Rhamnacese. 75. 

Stamens alternate with the petals if 
isomerous. 

Albumen none. Ovules horizon- 
tal or ascending . . . Onagraceae. 112. 

Albumen none. Ovules pendu- 
lous ..... H ulo r agave w. 113. 
Albumen abundant . . . Cornacese. 117. 

Catyx not valvate. 

Stamens doubled downwards. An- 
thers with appendages. Leaves 

ribbed Melastomaveee. 111. 

Stamens only curved. Anthers short. 

Leaves dotted .... Myrtaveee. 106. 
Leaves not dotted. 

Seeds very numerous, minute . Escalhniacese. 101. 
Seeds few ..... Rruniaveae. 119. 

b. Leaves with stipules. 

Placentas parietal. 

Stipules cirrhose. Monopetalous . . Cururbitaceae. 99. 

Stipules deciduous. Petals distinct . . UoinaUaeeee. 101. 

Placentas in the axis. 

Stamens opposite to the petals, isomerous . Rhamnuceve. 75. 
Stamens if equal to the petals, alternate 
with them. 

Leaves opposite ..... Rhizophoracea >. 115. 

Leaves alternate ..... Hamamelidacese. 118. 

Although it generally happens that the Calycifloroe have di- 
chlamydeous flowers, pulypetalous corollas, and perigynous or 
epigynous stamens, yet many exceptions occur, which should 
be particularly noted by the student. Thus, we find apetalous 
plants in the Celastraceae , Rhamnaceae, Anacardiaceae , Legvminosae , 
Rosaceae , LytJvroceae , Soxifragaceae, Cunoniaceae, P (irony chiaceae , 
M esernbryaceae, Paxsifloraceae, Myrtoceae , Onagraceae , Haloragaceae, 
i ombretoceae , Hamamelidaceae , and Araliaceae. Monopetalous 
rollas occur commonly in Stackhousiaceae , Papayaceae , Cucur- 
° v ceae, and Belvisiaceae ; and occasionally in Crassulaceae, Por- 
^ v tcaceae , Lecythidoceae , and Araliaceae. In some Calyciflorse, 
a 4in, the stamens are wholly or in part hypogynous or nearly 
s , as in Anacardiaceae , Connaroceae , Leguminosae , Saxifragaceae , 
frossulacese , Francoaceae , Parony chiaceae, and Portulocaceae . 

Unisexual flowers always occur in Henslovioceae , Papayaceae, 
Parigioceae, and Cucurbitaceae and sometimes in Rosaceae, My - 
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drangeacex , Passiflorac ex, Grossulariacese , Hahragaeetr, Comb re- 
tacex , Comaxese, Hamamelidacese , and Araliacea . 

Exceptions also not unfrequently occur to the characters upon 
which the perigynous and epigynous sub-divisions of the Calyci- 
ttoree are founded. Thus, in the Perigynee we sometimes find 
the ovary partially or wholly inferior instead of superior, as in 
Vochysiaceas, Rhamnoceae, Anacardiacex , Rosacea, Saxifragacea , 
Hydrangeacea, Cnnoniacea , Portulacacea , and Mesembryacea. 
But the exceptions to the ordinary inferior ovary of the Epigynse 
are much more rare, only occurring in Myrtacca , Melastomacea , 
and Bnuaacea , where the ovary is sometimes partially or 
wholly superior. 


Sub-class III. Corollifiora . 

1. Epigynte. 

The Natural Orders placed in this sub-division of the Corol- 
liflone were included by De Candolle in the Calyciflortu ; the 
Corolliflorte being restricted by him to those monopetalous orders 
in which the corolla was hypogynous, and the ovary consequently 
superior, and which are placed in our arrangement in the sub- 

Fig. 9G1. Fig. 9G2. Fio. 9G3. 



Fiq . 961. Pistil of the common El»ler (Sarnbucus niyia) surrounded bv a 

superior 5-lobed calyx. Fvj 9G2. Entire flower of the same. Fvj. 

96 d. Vertical section of the seed. 

divisions Ilypostaminefe and Epipetalse. But the simplest ar- 
rangement for the student is to consider the Monopetalous 
Corolla as the essential mark of the Corolliflorse, and in accord- 
ance with this view we make this sub-division of the Corolliflorte, 
and call it the Epigynse. It should be noticed, however, that 
some monopetalous orders have been placed by us in the Calyci- 
florse. (See A alysis of the Valya flora, page 568.) 

Natural Order 122. Caprifoliace^.-— The Honeysuckle 
Order. — Character. — Shrubs or rarely herbs. Leaves opposite 
(fig. 280), exstipulate. Calyx superior (fig. 061), 4 — 5-cleft, 
usually bracteated. Corolla monopetalous (fig. 962), 4 — 5-cleft, 
tubular or rotate, regular (fig. 062) or irregular, rarely poly- 
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petalous. Stamens (fig. 062) 4 — 5, inserted on the corolla, and 
alternate with its lobes. Ovary inferior (fig. 961), 1 — 5-celled, 
usually 3-celled, often with 1 ovule in one cell, and several 
in the others ; style 1 or none (fig. 961) ; stigmas 1 — 3 (figs. 
961 and 962) or 5. Fruit indehiscent, 1 or more celled, dry 
or succulent, and crowned by the persistent calycine lobes. 
Seeds solitary or numerous ; embryo small (fig. 963), in fleshy 
albumen. 

Diagnosis . — Shrubs or herbs, with opposite exstipulate leaves. 
Calyx superior, 4 — 5-cleft, persistent. Corolla monopetalous, 
and bearing commonly as many stamens as it has lobes, to 
which they are alternate ; regular or irregular. Ovary inferior, 
1— 5-celled. Fruit indehiscent Seeds with fleshy albumen. 

Distribution , Examples, and Numbers. — Chiefly natives of the 
northern parts of Europe, Asia, and America. They are rare in 
the southern hemisphere. Examjtles of the Genera : — Capri- 
folium, Viburnum, Sambucus. There are about 230 species. 

Properties and Uses.- -The plants of this order have frequently 
showy flowers, which are also commonly sweet-scented ; hence 
many are cultivated in our gardens and shrubberies, as Honey- 
suckles, which are species of Gaprifolivm and Lonicera ; Guelder 
Roses (Viburnum species), Laurustinus (Viburnum Tinus), 
Snowberry (Symphoricarjms raeemosus ), &c. Some are emetic 
and purgative ; others astringent, sudorific, or diuretic ; and 
some are acrid. A case of poisoning by the berries of the com- 
mon Honeysuckle has also been recently reported. But the 
patient (a little boy) recovered ; the symptoms resembled those 
caused by belladonna. 

Sambucus nigra , the Common Elder. — Several parts of this plant have 
been long employed in medicine. Its flowers, which are official in the 
British Pharmacopoeia, contain a volatile oil, which renders them mildlv 
stimulant mul sudorifie. They are chiefly used in the formation of a cooling 
ointment, and in the preparation of Elder Flower Water. The inner bark, 
buds, and leaves have more or less purgative and emetic properties. The 
fruit is also mildlv aperient and diuretic. It is extensively used for the 
purpose of adulterating Port-wine, and in the manufacture of the kind of 
wine which is commonly known as Elder Wine. The wood is also used for 
making skewers, &c., and the pith is employed in electrical experiments. 
The flowers of S. canadense have similar properties to those of $. nigra, 
and arc official in the United States Pharmacopoeia. 

Triosteum perfoliatum is a mild purgative and emetic. Its roasted seeds 
have been used as a substitute for coffee. 

Viburnum. — V. Lantana, the Mealy Guelder-rose or Wayfaring Tree, 
has a very acrid inner bark. It is sometimes considered as a vesicant. — V. 
Opulus , the Guelder-rose, is commonly regarded as emetic and cathartic. — 
V. cawinoidtw. The leaves of this plant, mixed with those of Prinos glaber 
( Aquifoliaceae ), are employed in North America as a substitute for Tea, under 
the name of Appalachian Tea (see Prinos). The black fruits of the Hima- 
laya species are edible and agreeable. 

Natural Order 123. Rubiaceje — The Madder Order. — 
Character. — Trees, shrubs, or herbs. Stems rounded or angular. 
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Leaves simple, entire, and either opposite and with interpetiolar 
stipules (Jig. 377), or whorled and exstipulate (Jig. 281). Inflo- 
rescence cymose. Calyx superior (Jigs. 965, cal, and 966, b\ with 


Fig. 9G4. Fig. 9G5. Fig. 966. * Fio. 967. 



Fig %4 Diagram of thr flower of tlio Madder (Rubin tint forum)- Fig. 

96f>. Pistil of Madder adherent to the cal} x, cal. st. Styles and stigmas. 
Fig 960 Pistil of Goose Grass or Heavers ((Hainan A parrne) sur- 
rounded by the calyx, b. a i. Stales. Fig %7 Vortical section of the 

fruit and seeds of Galium Ainu me. a. Albumen, c. Embryo, pi. Pla- 
centa. 


the limb 4—6-toothed, or entire, or obsolete. Corolla monopeta- 
lous, regular, tubular or rotate, with its lobes corresponding in 
number to the teeth of the calyx. Stamens inserted upon the 
corolla and equal in number to, and alternate with, its lobes 
(Jig. 964). Ovary inferior (Jigs. 965 and 966), crowned by a disk, 
usually 2-celled (Jig. 964), or sometimes many-celled ; style 1 or 
2 (figs, 965 and 966, st), sometimes slightly divided; stignui simple 
or divided. Fruit inferior, 2-celled or rarely many-celled, dry 
or succulent, indehiscent or separating into two or more dry 
cocci. Seeds I (Jig. 967), 2, or more, in each cell, when few they 
are erect or ascending, or when numerous, then attached to axile 
placentas ; embryo small, in horny albumen (Jig. 967, a). 

Diagnosis. — Trees, shrubs, or herbs, w r ith opposite simple 
entire leaves, interpetiolar stipules, and rounded stems ; or with 
whorled exstipulate leaves, and angular stems. Calyx superior. 
Corolla regular, epigynous. Stamens equal in number to the 
teeth of the calyx and segments of the corolla, with the latter 
of which they are alternate, epipetalous. Ovary inferior, 2 or 
more celled. Fruit inferior. Seeds 1 or more in each cell, 
with horny albumen. 

Division of the Order . — This order was separated by Lindley 
into two orders, the Cinchonacese and the Caliaeese or Stdlatw , 
an arrangement adopted by us in previous editions, but now 
abandoned a not in accordance with the more generally accepted 
views of botanists. The (xoliaxese of Lmdley were distinguished 
from the Cinchonacese by their whorled exstipulate leaves and 
angular stems. (Some botanists regard these whorls as 
formed partly of leaves and partly of stipules resembling the 
true leaves in outline and appearance.) The order Bubiacese is 
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now divided by Hooker and Bentham into three series, each of 
which is divided into sub-series and tribes. The Galiaceae of 
Lindley are natives of the northern parts of the northern hemi- 
sphere, and the mountains of the southern ; while the Cincho - 
naceae are almost exclusively natives of tropical and warm regions. 
There are about 3,000 species in the Rubiaceae as defined above. 

Properties and Uses. — The properties of the plants of this 
extensive order are very important to man, furnishing him with 
many valuable medicinal agents, as well as substances useful in 
the arts and domestic economy. Thus, many possess tonic, 
febrifugal, astringent, emetic, or purgative properties ; some 
are diuretic and emmenagogue ; a few are valuable dyeing and 
tanning agents ; and others have edible fruits and seeds. Some 
are reputed to possess intoxicating, and in rare cases even 
poisonous, properties. Various species are also cultivated in 
our stoves on account of the beauty and fragrance of their 
flowers. 

Cephaclis Ipecacuanha. — The root of this plant, which is a native of 
Brazil and New Granada, is termed annulated Ipecacuanha. In Brazil this, 
as well as other emetic roots, are known under the same name, Poaya. The 
Ipecacuanha plant has become somewhat scarce in Brazil, but is now being 
cultivated in India, but hitherto not with much success. It is the official 
Ipecacuanha of the British, Indian, and United States Pharmacopoeias. It 
contains an alkaloid called emetia , to which its properties are principally due. 
Ipecacuanha possesses emetic and purgative properties in large doses, and in 
small doses it is expectorant and diaphoretic. It is also sedative. 

Cinchona. — The plants of this genus are natives exclusively of the inter- 
tropical valleys of the Andes, and principally on the eastern face of the Cor- 
dilleras, growing commonly at heights varying from about 4,000 to nearly 
12,000 feet above the level of the sea. The Cinchona region extends from 
Santa Cruz de la Sierra, in Bolivia, about 10° S. lat., through Peru and 
Columbia, nearly to Caracas, in about 10° of N. lat. The Cinchonas are 
small shrubs, or large forest trees, with evergreen leaves, and commonly 
showy flowers. They appear to require great moisture, and a mean tempe- 
rature of about 62°. The bark of several species and varieties is extensively 
imported into this country, under the names of Cinchona , Peruvian, or 
Jesuits' Bark. Some few years since, in consequence of the great destructio n 
of Cinchona trees in South America, and from no care being taken in 
replacing them, it w r as feared that in a short time our supply of this most 
valuable bark would have seriously fallen off, or, even entirely failed ; but, 
thanks to the energetic labours of Messrs. Markham, Spruce, Mclvor, Wilson, 
and others, the more valuable species have been transported to India, Jamaica, 
Java, and elsewhere, and are now cultivated in these countries (more especi- 
ally in India) over large areas, with great success, so that we need no longer 
fear any deficiency of supply in future years. A large number of commercial 
varieties of Cinchona barks have been described by Pereira, Weddell, 
Howard, and others, for a description of which we must refer to works on 
Materia Medica. About fifteen species of Cinchona are known to yield com- 
mercial barks, and of these, four are official in the British Pharmacopoeia ; 
these are the only ones we have space to refer to here. They are C. Calisaya , 
Weddell ; C. Condaminea , D.C. {C. officinalis, Linn.), vars. Chahuarquera , 
Pavon, and crispa , Tafalla ; C. succirubra , Pavon ; and C. lancifolia, Mutis. 
Of these species, the first three respectively yield the official Yellow Cinchona 
Bark, Pale Cinchona Bark, and Red Cinchona Bark ; and from the latter 
species is derived the bark which is commonly known as Coquetta bark j 
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and which is placed in the British Pharmacopoeia as one of the sources of 
sulphate of quinia. Several alkaloids have been described ns constituents 
of the different kinds of Cinchona barks in varying proportions ; but by far 
the more important are Quinia , Cinchonia , Quinidia , and Cinchonidia. "The 
former is, however, alone official, and is generally regarded as the most 
valuable of them all ; but they are all more or less used in medicine, and 
possess, in an eminent degree, antiperiodic, febrifuge, and tonic properties. 
The barks themselves, in addition to such properties, are also somewhat 
astringent, and in some cases have been found to be efficacious as topical 
astringents and antiseptics. 

Coffea arabica , the Coffee Plant. — The seeds of this plant, when roasted, 
are used in the preparation of that most valuable unfermented beverage — 
coffee. When roasted, coffee essentially consists of the albumen of the seed. 
Coffee owes its properties chiefly to the presence of caffein , which is identical 
with thein (see Thea , p. 467), and to a volatile oil. About 40 millions of 
pounds are annually consumed in this country, and the consumption for the 
whole world has been estimated at about 1,200 millions of pounds. In 
Sumatra and some of the adjoining islands, an infusion of the roaHted leaves is 
used as a substitute for Tea, under the name of Coflee Tea. The leaf contains 
similar ingredients to the seeds, and possesses therefore analogous properties. 
Medicinally, coffee lias been also used with frequently beneficinl effects as a 
nei vine stimulant and astringent. In its effects and uses it closely resembles 
tea, but its astringent action is much less. Besides C. arabica , the seeds of 
other species have similar properties, thus, C. mauritiana of Bourbon and 
Mauritius, C. zanguebarica of Mozambique, and especially C. liberica , a 
native of the West Coast of Africa. This last species is now largely culti- 
vated, and becoming a very important source of coffee ; it bids fair to sup- 
plant C. arabica in many tropical countries. It is a larger and more robust 
plant, and flourishes at a lower elevation ; and the seeds are larger and of a 
finer flavour. It affords the kind of coffee known as Liberian or Monrovian. 

Coprosma. — The fruits of C. microphytln and other species are eaten in 
Australia, where they are called Native Currants. In New Zealand the 
leaves of C. fertidwsima arc used by the priests to discover the will of the 
gods. 

Galium. — G. Aparine , Goose-grass or Cleavers.-— The inspissated juice 
or extract of this plant has been used with success in lepra and some other 
cutaneous diseases. Its roasted seeds have been employed as a substitute 
for coffee. The extracts of G. rigidum and G. Mollugo have been used with 
beneficial results in epilepsy. 

Gardenia — From the fruits of G.grandiflora, G. florida, and G.radicani , 
beautiful yellow dyes are prepared, which are extensively used in China and 
Japan. — G. lucida and G. gummifera , natives of India, yield a resinous 
exudation, which is said to be ant (spasmodic. 

Genipa. — The fruit of some species is edible ; that of G. americana y tlie 
Lana tree, is the Genipap of South America. In British Guiana, a bluish- 
black dye called Lana dve, is prepared from the juice of the fruit. The 
fruit of G. biasiliensis also furnishes a violet dye. 

Guettarda speciosa. — This plant is said by some to furnish the Zebra- 
wood of cabinet makers, but, according to Schomburgk, this is the pro- 
duce of Omphalobium Lambertii, a native of Guiana. (See Omphalobium.) 
Tortoise-wood is also sometimes considered to be derived from a variety of 
G. 8pecio8a. 

Morinda — Th r roots of M. citrifolia and M. tinctoria are used in India 
and some other parts of Asia for dyeing red. They have been occasionally 
imported into this country, under the names of Madder, Muujeet, and Chav- 
root ; but such names are improj>erly applied to them. (See Oldenlandia 
and Rttbia.') The flowers of species of Morinda are also emploved in India 
for dyeing, mixed with those of Grislea tomentosa. (See Gristea.) 
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Oldenlandia umbellata . — The root is occasionally imported from India 
under the name of Chay or Che root. (See Morinda.) It is employed to 
dye red, purple, and orange-brown. The colouring matter is confined to 
the bark. 

Palicurea demiftnra , a native of Bolivia, &c , is stated to yield the bark 
now known in commerce as ‘ Goto Bark,’ and which is reputed to be a valuable 
remedy in diarrhoea, rheumatism, gout, &c. It is said to owe its active pro- 
perties to a peculiar crystalline substance named cotoin. Nothing certain, 
however, is known of the botanical source of Coto Bark. Moreover, other 
barks under the same name are now found in commerce. 

Psychol rta — The root of P. emetiui is called black or large striated Ipeca- 
cuanha. It iH occasionally imported, but not used in this country. It would 
appear that there are two spurious kinds of Ipecacuanha which have been 
described under the name of StriaUd , — one being derived from this plant ; 
but the botanical source of the other, which is known as small striated Ipe- 
cacuanha , is undetermined, although doubtless from a nearly allied species, 
according to Planchon, a species ot Richardson ia. Both these species possess 
emetic properties like the roots of Cephachs Ipecacuanha and Richardsonia 
scabra , hut they are far less active. Thev contain emetia. The roasted 
seeds of P. herbacea have been used as a substitute for coffee. 

Richardsonia scabra . — The root is emetic. It contains the same active 
principle, namely, emetia , as that of the official annulated Ipecacuanha 
root , from Cephaclis Ipecacuanha , hut it is not so active. It is commonly 
known as undulated, white, or amylaceous Ipecacuanha. It is not used in 
this eoimtn . 

Rubia . — R. tinctorum . — The dried root is known under the name of 
Madder, and is one of the most important of vegetable dyes. It is largely cul- 
tivated in France, Holland, and other countries. In France it is know n under 
the name of Garance. In the Le\ant R. ptregrina is also cultivated, and 
fields Levant Madder ; the roots are also called Tin key-roots in commerce. 
Madder is imported in two forms, namely, entire, and in a ground state. 
There are four kinds of Dutch Madder, known respectively as crop (the 
best), ombro. gamerte, and mull (the worst). In the living state, madder- 
root only contains a yellow colouring principle, called mbinn ; but no less 
than five colouring matter u have been obtained from the roof of commerce, 
called respectively madder purple ( purpurin ), red ( alizarin ), orange , yellow , 
and brown ; it would appear, therefore, that these latter must be all derived 
from the single \ ellow colouring principle. Alizarin is by far the most 
valuable of these colouiing substances. Besides its use as a dveiog material, 
Madder was long employed in medicine as a tonic and diuretic, and was 
also regarded as a valuable emmeuagogtie ; its virtues, however, as a medi- 
cine are very trifling, and it is no longer employed by the medical practi- 
tioner. Besides the roots of R. tinctorum and R. peregrina, those of other 
species are likewise employed in different parts of the world tor dveing : 
thus, the roots of R. cordi folia or Munjista , a native of the East Indies, are 
used in Bengal, «fce , and are occasionally imported into this country under 
the name of munjeet. The roots of R. Relboun are also employed in Chili 
for dyeing. 

Sarcocephalus esculentus . — The fruit is the Sierra Leone Peach. 

Uncaria Gambier . — An extract prepared from the leaves and young 
shoots of this plant constitutes the kind of Catechu which is known in com- 
merce as Gambir , Gambier , or Pale Catechu , and Terra Japonica , and by 
druggists as Catechu in square cakes. In the British Pharmacopoeia and 
Pharmacopoeia of India it is official under the name of Catechu Pallidum. 
It is one of the most powerful of astringents, and is extensively employed in 
tanning and dyeing, and also in medicine. Pale Catechu is also largely 
consumed in the East, as it forms one of the ingredients in the famed masti- 
catory called Betel . — U. aetda also yields a portion of the Gambier of 
commerce. 



C0LUMELLIACEJ5. YALEEIANACEJ!. 


m 


N aturiil Order 124. Columelli ace je. — The Columellia Order. 
—Character. — Evergreen shrubs or trees . Leaves opposite, 
exstipulate. Flowers unsymmetrical, yellow, terminal. Calyx 
superior, 5-parted. Corolla monopetalous, rotate, 5— 8 -parted, 
imbricate. Stamens 2, epij>etalous ; anthers sinuous, with 
longitudinal dehiscence. Ovary inferior, 2-celled, surmounted 
by a fleshy disk. Fruit capsular, 2-celled, many-seeded. Seeds 
with fleshy albumen. 

Distribution , Examples, and Numbers. — Na- 
tives of Mexico and Peru. It only contains the 
genus Colnrmdlia , which includes 3 species. 

Properties and Uses. — Unknown. 

Natural Order 125. Valeria stack h. — T he 
V alerian Order. — Character. — He rbs. Lea res 
opposite, exstipulate. Floarrs eyinose, herma- 
phrodite (j fiys. 489 and 490) or rarely unisexual. 

Calyx superior (fiys. 489, l , and 908, ea), with 
the limb obsolete, or membranous, or pappose. 

Corolla monopetalous (jigs* 489 and 490), tubular, 
imbricate, 3 — 0-lohed, regular or irregular, some- 
times spurred at the base (fiy. 490). Stamens 1 
5, inserted upon the corolla (fiys. 489 and 490). 

Ovary inferior (fiys. 489, o, 490, and 908), with 1 
fertile cell, and usually 2 abortive or empty ones. 

Fruit dry and indehiscent, frequently pappose 
(fiy. 402). Seed solitary, suspended, exalbuminous; 
radicle superior. 

Distribution , Examples , and Numbers. — Chiefly 
nathes of the temperate parts of Europe, Asia, 
and America ; they are rare in Africa. Examples 
of the Genera : — Centranthus, Valeriana. There 
are about 180 species. 

Properties and Uses.- — They are chiefly remarkable for the 
presence of a strong-scented volatile oil, which renders them 
stimulant, antispaamodic, and tonic. Some are highly esteemed 
in the East as perfumes, but they are not generally considered 
agreeable by Europeans. 
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Nardostachys Jatamansi is commonly regarded as the Nardus indicus , 
the true Spikenard of the ancients. It is the Nard <f the Hebrews, and 
the Nardus of the U iceks. It is much esteemed in India both as a perfume, 
and as a remedial ngmt in epileps) and liy.steria. In some districts, as Leh, 
its chief use is for incense. 

Valerianellu o/itnria. — The young leaves are occasionally used as a salad 
both on the Continent and in Fngland. In France they are known under 
the name of Macbe, and in England bv that of Lamb's Lettuce. 

Valeriana. — I he root of V. officinalis is the official Valerian of the 
British Pharmacopoeia. It is much employed as a nervine tonic, stimulant, 
and antispaamodic. The roots of V. Dmscoridis , V. l J hu, V. eeltieu , V. 
Hardwickii , V. sitJiensis. and other species, have similar properties. V. 
sitchensis is most esteemed in Kussia. 
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Natural Order 126. Dipsacace^j. — The Teazel Order. — 
Character. — Herbs or undershrubs. Leaves opposite or verti- 
cillate, exstipulate. Flowers in dense heads (capitula) (fig. 423), 

surrounded by an involucre. 
Fig. 969. Fig. 970. Calyx (fig. 970) superior, 

with a membranous or pap- 
pose limb, and surrounded 
by an involucel. Corolla 
(fig. 970) tubular, rnono- 
petalous, the limb 4 — 5- 
lobed, generally irregular 
(figs. 423 and 970), and 
with an imbricate aestiva- 
tion. Stamens 4, epipetal- 
ous (fig. 970); anthers dis- 
tinct. Ovary inferior (fig. 
970), 1 -celled ; omle solitary 
(fig. 970), pendulous; style 
and stiqma simple. Fruit 
dry, indehiscent, surmount- 
ed by the pappose calyx 
(figs. 463 and 969). Seed 
with fleshy albumen ; em- 
bryo straight ; radicle supe- 
rior. 

Distribution , Examples, 



Fit 7 . 909 Fruit of Srnbinsa purpurea , sur- 
mounted by the pappose calyx. Fia. 97<>. 

One of the central florets of the capitulum 
of Scab to m purpurea, with the ovary, &c., 
cut vei tically. 


and Numbers. — Chiefly natives of the South of Europe, and of 
North and South Africa. A few species are found in this 
country. Examples of the Genera: — Dipsacus, Knautia, Sca- 
biosa. There are about 175 species. 

Properties and Uses.— Some are reputed to possess astringent 
and febrifugal properties, but as remedial agents they are alto- 
gether unimportant Dipsacus Fullonum is, however, an im- 
portant economical species. 


Dipsacvb Fullonum. Fuller’s Teazel. — The dried capitula are used br 
fullers in dressing cloth, for which they are well adapted, as their hard 
stiff hooked bracts raise the nap, without tearing the 4uff like metal in- 
struments. In 1860 no less than 20,000,000 of teazels were imported into 
this country from France. 

Scabiosa succisa is called the Devil’s-bit Scabious, on account of its 
abruptly termiuated rhizome or root. It is said to be astringent, and to 
yield a green dye. The inflorescence sometimes developes in an umbellate 
manner, as in a specimen described by the author, in the Pharmaceutical 
Journal , ser. i. vol. xvii. p. 363, thus exhibiting a marked deviation from the 
development in capitula, which is the ordinary arrangement in the plants 
of this order. 


Natural Order 127. Calyceraceje. — The Calycera Order. — 
Character. — Herbs. Leaves alternate, exstipulate. Flowers 
in capitula, surrounded by an involucre. Calyx superior, irre- 
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gular, 5-lobed. Corolla monopetalous ; regular, valvate, 5-lobed. 
Stamen# 5, epipetalous ; filaments monadelphous ; a others par- 
tially united. Ovary inferior, 1-celled ; ovule solitary, pendulous. 
Fru It indehiscent. Seed solitary, pendulous, with fleshy albumen ; 
radicle superior. 

Diagnosis. — These plants hold an intermediate position between 
Dipsacacem and Composite, being distinguished from the former 
by their alternate leaves, absence of involucel to their individual 
florets, valvate {estivation of corolla, monadelphous filaments, 
and partially united anthers ; and from the Composite in their 
anthers being only partially united, and in their pendulous 
albuminous seed, and superior radicle. 

Distribution, Examples , and Numbers. — Exclusively natives 
of South America, especially the cooler parts. Examples of the 
Genera: — Calycera, Leucocarpus. There are about 20 species 

Properties and Us<s.— Unknown. 

Natural Order 128. Composite. — The Composite Order. - 
Character.- Merits or shrubs. Leaves alternate or opposite, 


Fig. 971. Fig. 072. Fig. 07,3. Fro. 07 1. 



Fi<i. 971. Labiate floret of (\ htrlanthera hneavitt. o. Ovary ■with adherent 
calyx, t. luleot the corolla, Is. Upper lip ot corolla, h. Lower lip. 
e. Tube formed by the adherent antktrs. <t. Stigmas. /V/. 972. Ver- 

tical section of the floret of After rubncaulif. o. Erect ovule, enclosed 
in the inferior ovary, a. Pappose limb of the calyx. p. Corolla. v. style. 

e. Tube of the anthers. Fiq. 973. Floret ot the Chicory ( Cichonum 

Intybus). o. Ovary with adherent calyx, e. Tube formed by the ad hen nt 

anthers. s. St ;mas. Fi</. 974. Vertical section ot tin ripe Iruit of the 

Oroundsel (Senecto), surmounted by a portion of tht 1 style,#; and the 
pappose limb of the calyx, p. Pericarp, t. Testa, e. Seed. r J he above 
figures are from Jussieu. 

exstipulate. Flov'ers (florets) hermaphrodite (figs. 971-973), 
unisexual (fig. 480) or neuter, arranged in capitula (figs. 422 

p p 
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and 439), which are commonly surrounded by an involucre 
formed of a number of imbricated bracts (phyllaries) (fig. 394); 
the separate florets are also frequently furnished with membra- 
nous or scale-like bractlets (paleve) (fig. 399, i>, b). Calyx supe- 
rior (jhjs. 971-973), its limb either entirely abortive (fig. 400) 
or membranous (fig. 461) ; in the latter case it is entire, or 
toothed, or pappose — that is, divided into bristles, or simple, or 
branched, or leathery liair-like processes (fig. 972, a). Corolla 
monopetalous (fig*. 971-973), tubular (fig. 460), ligulate (fig. 
973), or bilabiate (fig. 971), 4 — 5-toothed, with a valvate aestiva- 
tion. Stamens (figs. 971-973, f) 5 or rarely 4, inserted on the 
corolla, and alternate with its divisions ; filaments distinct or 
monadelphous ; anthers united into a tube (syngenesious or syn- 
antheams) (fig. 543), which is perforated by the style (fig. 973). 
Ovary inferior, 1-celled, with 1 erect ovule (fig. 972) ; style 1, undi- 


Fio. 075. 



Fi</. 1*7 5. St,\ 1< <■< ntid fctignmfc of Composite Howiis to illustrate T>e Can- 
dolk’b tulxs, after Upland and Lmdlev. 1. AlbnUtm et vlluojm j>pa 
(Vernonie.v). 2. Anisochirta mtktunoidt's ( Kupatoricfe). 3. liluiwa ient- 
aoide s (A^teroidene). 4. Mendtzia buolor (fe< in cioidoo'). 5. Lip<><ft<tta 
mnbdlata (Seneeioidefe). 6. Ajdotujni nepahmis (C3 name.) 7. Lmco- 
viens aj otdabihs (Mutisum). 8. Lnuena Unun (Nassaviea 1 ). 

vided below, and commonly bifid above (fig. 973) , stigmas 2, one 
being usually placed on the inner surface of each division of the 
style (fig. 975). Fmit dry, indehiscent, 1-celled, crowned by the 
limb of the calyx, which is often pappose (fig. 974). Seed (fig. 
974) solitary, erect, exalbuminous ; radicle inferior (fig. 974, e). 

Diagnosis. — Herbs or shrubs, with exstipulate leaves. Flowers 
(called florets) arranged in dense capitula, which are commonly 
surrounded by an involucre. Calyx superior, its limb abortive, or 
membranous, or pappose. Corolla monopetalous, 4 — 5-toothed, 
with valvate aestivation. Stamens epipetalous, equal in num- 
ber to the divisions of the corolla (generally 5), and alternate 
with them ; anthers syngenesious. Ovary inferior, 1-celled, with 
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1 erect ovule ; style simple, bifid above. Fruit 1-celled, dry, 
indehiscent. Seed solitary, erect, exalbuminous; radicle inferior. 

Division of the Order and Examples of the Genera . — This 
order has been variously divided by authors. By Linmeus, 
the plants of his class >S lynyenesla, division Polygam ia (which 
corresponded to the Natural Order Composite as above defined), 
were arranged in five orders, under the names of Pohjgamia 
wqualis, P. superfiva , P. frustranea^ P. necessaria , and P. scyre- 
yata. The characters of these have been already stated at 
page 4(K>. Jussieu separated the Composite into three sub-orders 
as follows : — 1. Cor ymbi ferae, the plants of which have either all 
tubular (tlosculous) and perfect florets ; or those of the disk 
(centre) tubular and perfect, and those of the ray (circumference) 
tubular and pistdliferous, or ligulate (radiant). 2. Cynaroce- 
phahr, the florets of which are all tubular and perfect ; or those 
m the centre perfect, and those of the ray neuter. And 3. 
('ichoHtcr <r, having all t lie florets ligulate and perfect. A fourth 
sub-order was alter wards added, called Lahiatijlonv, which 
includes those plants the florets of which were bilabiate, and 
which were unknown to Jussieu. The arrangement most 
frequently adopted at the present day is that of l)e Candolle ; 
this was founded on that of Lessing. It is as follows : — 

St B-oKDEit 1. T'nhuhjlone. Florets tubular or ligulate, either 
perfect, unisexual, or neuter. Perfect florets tubular. This 
sub-order includes the i'orymhift and ('ynarocepJndm of 
Jussieu. It has been divided into live tribes : 

Tribe 1. Vernoniea . — Style cylindrical ; its arms generally long 
and subulate, sometimes short and blunt, always covered 
all over with bristles (Jig. 975, 1). Examples:- Yernonia, 
Elephantopus. 

Tribe 2. Eitpatoriew . — Style cylindrical ; its arms long and 
somewhat elavate, with a papillose surface oil the outside 
near the end (Jig. 1)75, 2). Examjdes : — Eu] latormm, Tussilago. 
Tribe 3. Ast< midem. Style cylindrical; its arms linear, flat 
on the outside, equally and finely downy on the inside (Jig. 
975,3). Examples : — Erigeron, Beilis. 

Tribe 4. Seneeioidea . — Style cylindrical ; its arms linear, fringed 
at the point, generally truncate, but sometimes extended 
beyond the fringe into a short cone or appendage of some 
kind (Jig. 975, 4 and 5). Examples : — Antliemis, Senecio. 

The above four tribes correspond to the sub-order ( \>rymhif rie 
of Jussieu ; the next or fifth tribe to the Cynarocephtrfn of the 
same author. 

Tribe 5. Cynnreie . — Style thickened abovo, and often with a 
bunch or fringe of hairs at the enlarged portion ; its branches 
united or free (fig. 975, G). Examples ; — Calendula, Centaurea. 

Sub-order 2. Lahuitiflorse.- -Florets with bilabiate corollas, 
perfect or unisexual. Of this sub-order we have two tribes ; — 

p i* 2 
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Tribe 6. Mutinies . — Style cylindrical or somewhat swollen ; 
its arms usually blunt or truncate, very convex on the outside, 
and either covered at the upper part by a tine uniform hairi- 
ness, or absolutely free from hairs (Jig. 975, 7). Examples : — 
Mutisia, Printzia. 

Tribe 7. Nassadeaz . — Style never swollen ; its arms long, linear, 
truncate, and fringed only at the point (Jig. 975, 8), Ex- 
amples : — Nassavia, Trixis. 

Sub order 3. Liguliflonr . — Florets all ligulate and perfect. 

Juice milky. This corresponds to the CicJwraccx of Jussieu. 
Tribe 8. Cichoreae . — Style cylindrical at the upper part; its 
arms somewhat obtuse, and equally pubescent. Examjdes : — 
Cichorium, Hieracium. 

By Bentkain the Composite are divided into thirteen tribes. 

Distribution and Numbers. — Universally distributed ; but the 
Tuh)dijlor& are most abundant in hot climates, and the Lignlijiorte 
in cold. The LahUttijlonv are almost entirely confined to the 
extra-tropical regions of South America. In the northern parts 
of the world the plants of this order are universally herbaceous ; 
but in South America and some other parts of the southern 
hemisphere, they occasionally become shrubby, or even in some 
cases arborescent. Some years since there were about 9,500 
species according to M. Lasegue, who remarks 1 that they have 
steadily continued to constitute about one-tentli of all described 
plants, in proportion as our knowledge of species has advanced. 
Thus Linmeus had 785 Composites out of 8,500 species ; in 1809 
the proportion was, 2,800 to 27,000 ; De Candolle described 8,523 
in the year 1838, which was again a tenth ; and now (1845) that 
the estimate of species has risen to 95,000, Composite plants 
amount to 9,500. 7 Lindley estimated the order to contain about 
9,000 species. 

Properties and Uses . — The properties of the Composite are 
variable. A bitter principle pervades the greater number of the 
species in a more or less evident degree, by which they are 
rendered tonic. Some are laxative and anthelmintic. Many 
contain a volatile oil, which communicates aromatic, carminative, 
and diaphoretic properties. Others are acrid stimulants, and 
the Ligulijlonv commonly abound in a bitter-tasted milky juice, 
which is sometimes narcotic. 

Sub-order 1. TraruFUnu . — The plants of this sub-order arc chiefly 
remarkable for their bitter, tonic, and aromatic properties ; these are due 
to the presence of a bitter principle, and a volatile oil. Some are esculent 
vegetables. 

AchiUma millefolium was formerly extolled as an excellent vulnerary 
and styptic. It is regarded in the United States of America, where the 
leaves and flowering tops are official, as tonic, stimulant, sudorific, and anti- 
spasmodic. In the form of a warm infusion they ai e also emetic. According 
to Linnaeus, this plant was employed in his time in Sweden, to increase the 
intoxicating properties of beer. Formerly this herb had a high reputation as 
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fi vulnerary; hence its name of Nose-bleed. — A. moschata is known in 
Switzerland as * forest ladv’s hob,’ and has been used there for centuries 
as a stomachic tonic. It is also termed ‘ Iva.’ 

Anacyclus. — A. Pyrtthrum , Pellitory of Spain. — The root is official ; it 
is employed as an energetic local irritant and walagogue, in toothache, 
relaxation of the uvula, &e. — A. officinamm of Hay no, German Pellitorv, 
has similar properties. The root is commonly used in Germany. 

Anthemis nobilis , Chamomile or Camomile. — This plant is extensively 
cultivated for the sake of its Mower-heads, which are official, and much 
employed internally for their stimulant, tonic, and antispasmodic properties ; 
and also externally for fomentations. The flowers constitute the Homan 
or True Chamomiles of the Materia Medica. The oil of Chamomile is also 
much used as a remedy in flatulence, and as an addition to purgative pills 
to prevent their griping action — A. Cotnla , Mayweed, has similar pro- 
perties, but its disagreeable odour is an obstacle to its more general use. 

Ap '( pappus discoid 1 ’ us, I is said to be the source of a kind of JJamiana, 
a remedy used in the United States as an aphrodisiac. (\See Turnera.) 

Aplota.vis Lappa, or Aucklundia Costas. — The root ot this plant, which 
G a native of Cashmere, is said by Falconer to be the Costas of the ancients. 
It is chiefly used as a perfume, and for burning as incense. It is also em- 
ployed by the Chinese as an aphrodisiac. 

Arctium Lappa. — The root is emp'oved in the United States of America, 
in gouty, rheumatic, scrofulous, and other ulfections, ami is reputed to be 
aperient, diuretic, and diaphoretic. 

Arnica moot ana, Mountain Arnica, Mountain Tobacco, or Leopard’s- 
banc, is an acrid stimulant. The flowers and rod have been employed in 
t\ phoid fevers, amaurosis, p.irah sis, &c. It is termed on the Continent 
Panacea tapsorum from the power it possesses of absorbing tumours and 
destroying the effects ot bruises, when applied externally'. Arnica rhizome 
and rootlets, under the name ol Arnica root, have ffien introduced into the 
British Pharmacopoeia. 

Artemisia. — A. Absinthium. — The dried herb, or the flowering tops, under 
the name of Wormwood, is used as an aromatic bitter tonic, and as an 
anthelmintic. The tops and leaves are official in the United States Phar- 
macopoeia. They are also employed in the preparation of some liqueurs; 
particularly of one now very largely consumed in France under the name of 
‘ absinthe,' the excessive use ot w hieh is attended with such injurious effects, 
that they have been designated under the name of ubsinthism , and although 
doubtless these are mainly due to the alcohol which it contains, they appear 
to be also in some degree attributable to the volatile oil of wormwood. — 
A, chinensis , — According to Findley, the Chinese and Japanese Moxas are 
prepared from the cottony or woolly covering of the leaves of this and 
other species. — A. Jfracuncu'us is the Tarragon, the leaves of which are 
sometimes used in pickles, salads, &c. — A. paueiji >ra, Weber (A. mantima , 
Mir. Stechmanniuna of i lesser), is the principal, it not the only source of the 
official ISantonica of the British Pharmacopoeia. Santoniea is the produce 
ot Turkestan, ami is known as Levant or Alexandrian Wormseed. It comes 
to England by way of Kuasia. The part used is the unexpanded flower- 
head. Santoniea owes its properties essentially to the presence of a crystal- 
line neutral principle called santonin, which is also official in the British 
Pharmacopoeia. Both santoniea and santonin are valuable anthelmintics. 
Another kind of wormseed, very inferior to the above, lias been described by 
pharmacologists under the name of Barbarv Wormseed. Wormseed is also 
known by the names of Semen Santanici , Semen Cnntia , Semen Cynic, &c. 

Berthelatia lanctolata or indica , a native of India, has aperient leaves, 
which are &aid to be a good substitute for senna. 

B'umeu grandis or bahamifera , a common weed in the Tenasserim pro- 
vinces ot the Burman Empire, yields a kind of camphor. 1 l is also in use 
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in China. It fa known as Bhnnea or Ngai camphor. In China it is used in 
medicine, and for perfuming the fine kinds of Chinese ink. 

Calendula officinalis, the Marigold, has yellow florets, which are some- 
times employed to adulterate saffron. A strong tincture of the flowers, applied 
externally to wounds, fa said to have a similar effect to that of Arnica. 

Carduus, the Thistle. — Some species of this genus, particularly C. bent- 
dictum. have been used as tonics and febrifuges. 

Carthamus . — C. tinctorius , Safflower or Bastard Saffron. — The florets are 
nsed in the preparation of a beautiful pink dye. The pink saucer s of the 
shops are coloured by it. It is also largely employed in the manufacture 
of rouge. SafHower is sometimes u^ed to adulterate hai/ saffron. The 
substance called cake saffron is prepared from it and mucilage. (See Cro- 
cus.) The fruits, which are commonly called see(fa, yield b\ expiession a 
large quantity of oil, which is knowm in India under the name of Koosum 
Oil. It is used principally for burning The fruits are als * purgative, and 
are employed in dropsy. The fruits of C. persicus afao yield a useful oil. 

Cynara. — C. Scolymus. — The young succulent receptacles of this plant 
are used for food, under the name of Artichokes. The edible Cardoous are 
the blanched stalks of the inner leaves of Cynara Cardunculus. 

Erigeron , Flcabane. — The leaves and tops of E. heterophyllum and E. 
philadetplucum are otticial iu the United States Pharmacopoeia. Fleabnne 
possesses diuretic properties, and is much used in gravel and other nephritic 
complaints. The leaves and tops of E. canadense , Canadian Flcabane, are 
likewise official in tlu* United States Pharmacopoeia, and are reputed to be 
tonic, astringent, and diuretic. The oil which is obtained from them is also 
esteemed as an internal remedy in uterine and other hauuorrhages. 

Eupaiorium. — E. gtufiwwnn. — The leaves of this plant constitute one of 
the substances known as Matieo in South America, the different kinds of which 
are employed as styptics. The official niatico of this country is, however, 
derived from A rtanthe ehngata {Riper angustifolium ), a plant of the Nat. Ord. 
Piperaeenc. (See Artanthe). — E. ayupana and E. pet foliation have been 
employed as antidotes to the bites of venomous reptiles. They arc reputed 
<o possess stimulant, tonic, and diaphoretic propeities. E. perfohatuni , 
Thoroughwort, is official in the United States Pharmacopoeia. Other species 
such as E. purpureum or (Iravel Boot, E. ten cr [folium, E. ageraioides, E. 
aromutiemn, E. incarnatum, E. rannahhium, and E. nervosum , liave also been 
regarded in the United States and elsewhere as of medicinal value. 

Gnndeha robusta. llosin Weed. — The leaves and unexpanded flow'er- 
heads of this plant, wlncli fa a native of California, are reputed to form a 
remedy of very groat value in asthma, when given internally ; and when 
applied externally in the form of an infusion or decoction, a marvellous 
effect is said to be produced in the cure of the cutaneous eruptions caused 
by emanations from the Rhus Tax icodendron, or Poison Oak. It is also 
said to be very useful in whooping-cough, colds, and bronchitis. Other 
species, such as G. squarrosa , and G. lursutula , appear to have similar 
properties, and are frequently substituted for it in commerce. 

Guizotia o’eifera is extensively cultivated in India for its seeds, which 
are known in commerce under the name of Niger seeds. These \ ield a thin 
oil, useful in painting, and for burning, and other purposes, 'which is known 
in India as Ram-til, Kala-til, Noog, &c. It may be used for the same pur- 
poses in pharmacy as sesamum oil and olive oil. 

Helianthvs. — //. tuberosum. — The tubers are much eaten under the name 
of Jerusalem Ai ticliokes. The dried fruits have been employed as a substitute 
for coffee. — H. annvus is the common Sunflower. The pith contains nitrate 
of potash, and is therefore sometimes used in the preparation of moxas in 
Europe, The fruits have been lately employed as an ingredient in a kind 
of soap called Sunflower Soap. They yield by expression a fixed oil which 
fa used largely for food in Hungary and Russia, while the oil-cake furnishes 
an excellent food for cattle. 
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Inula Helenium , Elecampane. — The root is an aromatic tonic, expec- 
torant, and diaphoretic. It has been employed in chronic catarrh, and in 
dyspepsia. It was also formerly much used in this country as the basis of 
unfavourite sweetmeat. 

Liatris odoratissima , Wild Vanilla, or Deer’s Tongue. — The leaves of 
this plant, which is abundant in the southern United States, are used 
largely to give flavour to tobaeco and cigars. They would be probably 
very useful in perfumery. They owe their properties to coumarin. Other 
species, more especially L.spicata , yield the root known as Button Snaktroot , 
which is reputed to be stimulant, diuretic, and expectorant. 

Madia . — The seeds of M. sutiva, a native of Chili, yield by pressure a 
large amount of fixed oil, w hich is edible, and the commoner kinds have also 
been used for illumination. The plant is now cultivated in Asia Minor, 
Algeria, and the warmer parts of France and Germany. The oil has also 
the valuable property of not eongeahug at 19° below zero of Reaumur, hence 
it is a valuable lubricating agent for delicate machinery. 

Matricaria Chnmomilla has similar properties to t lie true Chamomile. 
The flower-heads are the l'lorcs Chamomilbc of German pharmacologists; 
they are usually distinguished 11 s Common or German Chamomiles. They 
aie also official m the United States Pharmacopoeia. 

Miitaiaa. — M. Guaco lias been much used as an antidote to the bites of 
venomous seipents in South Amtrica. It appears to be by tar the most 
efficacious of all the plants Know'll as Guaco , for recent testimony shows 
that wdien promptly and properly administered it is a cure for the most 
venomous snakes. Guaco has ni.so been highly spoken of as a remedy for 
gout and lheumatisin. 

Notouia- - 1 he freshly gathered stems of N. grand! flora and N. corym- 
bosa are reputed in India to be a pieventive of h\ dropliobia. 

By ret lu inn . — The insect powders of commerce aie the powdered flower- 
heads of different species of this genus. Those of F. curneum and 1*. 
roseum yield Persian Insect Powder ; but the more energetic insecticide is 
the Dalmatian Insect Pow'der, which is dt rived from F. cnierariwfbliinn. 

Sdphium . — S. lac mint inn , S. perfoiiatum , and other species, natives of 
Norih America, where they are known under the names of ‘ rosin- weeds,’ 
arc reputed to be very efficacious in cases of asthma. iS. laciviatum is also 
known as the ‘ polar plant ’ or ‘compass plant,’ because ‘the leaves are 
said to present their faces uniformly north and south.’ Sir J. Hooker 
states that in travelling by rail any alteration in the direction of the road 
becomes visible at once by the altei ed appearance of theleaves of the Compass 
Plant. 

Tamieetum vulgare, the common Tansy, possesses tonic and anthelmintic 
properties. 

Tussdago Farfura y Coltsfoot.- -This plant is employed as a popular 
remedy in chronic coughs and other pulmonary complaints. 

Vernonia antbelmintica . — The seeds are employed in the East Indies as 
an anthelmintic. 

Xanthium spinosnm . — The pow'dered loaves, Sec., of this plant are said to 
be a most efficient remedy m hydrophobia ; but they have been found 
useless when employed by regular practitioners. 

Sub-order 2. Lahiatii'louvK. — T here are no important plants known to 
belong to this sub-order. Home have been reputed aromatic, mucilaginous, 
and tonic, and the leaves of Printziu aromatica are sometimes employed at 
the Cape of Good 1* ope as a substitute for tea. 

Sub-order 3. Liguli floras. — The plants of this sub-order generally 
contain a milky juice, which commonly possesses alterative, aperient, diu- 
retic, or narcotic properties. The roots *of borne are used as esculent vege- 
tables ; and other species, by cultivation wdth diminished light, become 
edible as salads. 

Ciclwrium. — C, Intybus , Chicory. — The Chicory plant is indigenous 
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in this and many other countries of Europe. It is also extensively culti- 
vated for the sake of its roots, which when roasted and powdered are used as 
a substitute for, or more frequently as an addition to, ground coffee. Above 
100 millions of pounds are annually consumed in Europe. In 1806, the 
consumption in Great Britain alone was about 13 millions of pounds ; and 
it is now calculated that in proportion to that of cotfee it is nearly 40 per 
cent. It does not, however, possess in any degree the peculiar exciting, 
soothing, and hunger-staying properties of coffee, and its extensive employ- 
ment is much to be deprecated, as it is not unfrequently attended with in- 
jurious effects. The fresh root has been employed in medicine, and is reputed 
to have somewhat similar properties to that of Dandelion. A blue dye 
ma\ be prepared from the leaves. — Cichorium Kadi via is the Endive plant, 
the blanched leaves of which are used as a salad. 

Lactnra — L. sattva is the garden or common Lettuce. It is largely 
cultivated for use as a salad As a medicine it possesses to a slight extent, 
sedative, anodyne, and anti 'spasmodic properties. — Lactuca vhosa , the Wild 
or Strong- seen ted Lettuce, possesses much more evident anodyne and anti- 
spasmodic properties than the common Lettuce. The inspissated juice of 
both L. sutiva and L. virosa forms Lactucarium or Lettuce Opium, which 
is employed for its narcotic properties. L. virosa fields the best and the 
largest quantity of Lactucarium. L. virosa is official in the British Phar- 
macopoeia. Other secies ot Lactuca , as L. Scariola and L. altissitna , pos- 
sess similar properties. 

Scorzonera. — S. hispanica has esculent roots, which are known under the 
name of heorzonera, and nio much esteemed. The roots ot denciosa are 
also much valued in Sicily, where this plant is a native. 

Taraxacum Dens Leon is , Leontodon Taraxacum, or Taraxacum offici- 
nale, is the common Dandelion. The root, which is the official part, is very 
extensively employed as a in< dicinal agent. It is commonly regarded as 
possessing aperient, diuretic, and alterative properties. It contains a bitter 
crystalline principle, called Taraxacin , to W’hich it seems principally to 
owe its properties. When roasted, it has sometimes been employed as an 
addition to coffee, in the same manner as chicory root. The leaves when 
very young and grown in the daik, are sometimes used on the Continent as 
a suiad. 

Tragopogon porrifoli us. — The roots are eaten under the name of Salsifv, 
and although avers useful vegetable, they are inferior to Seorzonera. In 
America it is called the Oyster Plant, as the roots when cooked are thought 
to have the taste ot oysters. 

Natural Order 129. Campanula ceae. — The Harebell or Bell- 
flower Order. — Character. — Herbaceous 2 >l a ats or undershrubs , 
w ith a milky juice. Leaves nearly always alternate, exstipulate. 
Calyx superior (fig. 978), persistent (figs. G82 and 083). Corolla 
monopetalous, regular (figs. 432 and 474), marceBcent (figs. 432 
and 083) ; activation valvate (fig. 970). Stamens equal in 
number to, and alternate with, the lobes of the corolla (fig. 
970) ; anthers 2-celled, distinct or partly united. Ovary in- 
ferior (fig. 978), 2 or more celled (fig . 970); style simple (fig. 
502), hairy; stigma naked. Fruit dry, capsular, dehiscing by 
lateral orifices (figs. 082 and 083) or by valves at the apex ; 
placentas axile (figs. 970 and 978). Seeds numerous, with fleshy 
albumen (fig. 977). 

Distribution , Examples, and Numbers. — Chiefly natives of the 
temperate parts of the northern hemisphere ; a good many are, 
however, found in the southern hemisphere, especially at the 
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Cape of Good Hope. A few species only are tropical. Examples 
of the Genera:— Phyteuma, Campanula, Specularia. There ai*e 
about 550 species. 


Fig. 970 . Fig. 977 . Fig. 978 . 



Pi<t. ?7G. Diagram of tin* flower of KrnipioiH (Campanula IZajwnculus). — 

Phi 077. Vuticul section ot the seed. Fuj. 078. Vtitio.il section of tho 

fiowu. 


Properties and Uses. The milky juice which these plants con- 
tain is sometimes of a sub-acrid character, but the roots an 1 
young parts of several species, especially when cultivated, are 
eaten in different parts of the world, as the roots of Campanula 
Ha pun cuius , commonly known under the name of ltarnpions ; 
those of (bjphia glandu^ifera , in Abyssinia ; and those of Cyphia 
digit ata by the Hottentots, Ac. Some species of Sjtecularia have 
been used in salads. One species, Campanula glauea, is rei>uted 
to be a valuable tonic, and others 
are said to be antisyphilitic. The Fig. 980. 

order, however, does not contain 
a single plant of any particular 
importance, either in a medici- 
nal or economic point of view. 

Natural Order 130. Lobe- 
liaoejc. — T he Lobelia Order. — 

C liar act er. - ll< rhs or shrubs , 
w T ith a milky juice. Leaves al- 
ternate, exstipulate. Calyx su- 
perior. Corolla monopetalous, 
irregular, valvate. Stamens 5, 
syngenesious (Jig. 980). Ovary 
inferior, 1— 3-celled; placentas 
axile or parietal ; style 1 (Jig. 

980) ; stigma surrounded by a 

fringe of hairs (Jig. 979). Fruit (/ 

capsular, dehiscing at the apex. the above, with the calyx. 

Seeds numerous, albuminous. 

Distribution, Examples , and Numbers. — They are chiefly 
natives of tropical and sub-tropical regions ; but a few occur in 
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temperate and cold climates. Examples of the Genera : — Clin- 
tonia, Lobelia. There are nearly 400 species. 

Properties and Uses. — The milky juice with which these 
plants abound is commonly of a very acrid nature, hence the 
species of this order should be regarded with suspicion ; indeed, 
some, as Lobelia infiata, Tupa FeuiUxi , &c. , act as narcotico- 
acrid poisons. 

Lobelia. — L. ivflata , Indian Tobacco. — This species is a native of 
North America. The flowering herb and seeds have been extensively em- 
ployed, especially in America, for their sedative, antispasmodic, emetic, and 
expectorant properties. Lobelia resembles tobacco in its action ; it is 
official in the British Pliarmacoprria. Several fatal cases of poisoning have 
occurred in the United States, and in this country, from its empirical use. 
The seeds may be distinguished under the microscope by their peculiarly 
reticulated character. The root of L. syphilitica possesses emetic, purgative, 
and diuretic properties, and, as its specific name implies, it has been reputed 
to be efficacious in syphilis. — L. ureas has blistering qualities. — />. decurrens 
is used in Peru as an emetic and purgative, and its employment has been 
suggested in this country as a substitute for Ipecacuanha. 

Natural Order 131. Goodeniaceas. — T he Goodenia Order. 
— Character. — Herbs or rarely shrubs, not milky. Leaves ex- 
stipulate. Flowers never collected into heads. Calyx gene- 
rally superior, with from 3 — 5 divisions, occasionally inferior. 
Corolla irregular, 5-parted ; a’sti ration induplicatc. Stamens 5 ; 
filaments distinct ; anthers distinct or united. Ovary 1, 2, or 
rarely 4-celled ; placenta free central; style 1 ( -fig. 039, t) ; stigma 
indusiate (fig. 039, /). Fruit capsular, drupaceous, or nut-like. 
Seeds with fleshy albumen. 

Distribution, Examples, and Numbers. — These plants are 
principally natives of Australia and the islands of the Southern 
Ocean ; rarely of India, Africa, and South America. Examples 
of the Genera : — Goodenia, Leschenaultia. There are about 200 
species. 

Properties and Uses. — Unimportant. 

Sctevola Taccada lms a soft and spongy pith, which is used by tlie 
Malays to make artmeial flowers, and for other purposes. Its young leaves 
are also eaten as a potherb. Other species of Sctevola are reputed to be 
emollient. 

Natural Order 132. Stylidiaoea:. — T he Style wort Order. — 
Character. — Herbs or under-shrubs, not milky. Leaves ex- 
stipulate. Calyx superior, with from 2 to G divisions, persistent. 
Corolla with from 5 to G divisions ; aestivation imbricate. Sta- 
mens 2, gynandrous. Ovary 2-celled, or rarely 1-celled ; style 1 ; 
stigma without an indusium. Fruit capsular. Seeds albuminous. 

Distribution, Examples, and Numbers. — They are chiefly 
found in the swamps of Australia. Examples of the Genera : — 
Stylidium, Forstera. There are about 120 species. 

Properties and Uses. — Unknown. 
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Natural Order 133 . — Vaoctniaceje. — T he Cranberry Order. 
— Character. — Shrubs or small trees . Leaves alternate, undi- 
vided, exstipulate. Cahjjc superior. Corolla 4 — fl-lobed ; acti- 
vation imbricate. Stame)is distinct, epigynous, twice as many as 
the lobes of the corolla ; anthers (fig. 528) appendieulate, with 
porous dehiscence. Ovary 4 — 10-celled ; style and stiyma simple. 
Fruit succulent. Seeds with fleshy albumen. 

Distribution , Examples , and Numbers. — Chiefly natives of the 
temperate regions of the globe. Examples of the Genera : — 
Yaccinium, Thibaudia. There are about 200 species. 

Properties and Uses. They are chiefly remarkable for their 
astringent leaves and bark, and for their edible sub-acid fruits. 

O.rycoccus palustris or Vnccinium O.njcoecus . — The fruit of thn plan! is 
th * Cranberry of Great Britain. It is u-ed in making tart* and for other 
purposes. — 0. macrocnrpus yields the American Cranberry, of which large 
quantities are imported into this country. 

Vnccinium The fruits of several species are edible, thus : — V. Myrtiffns, 
yields the Bilberry; V. nliyinosum, t he Bog or Black Whortleberry; and 
V. v/tis-nJtva, the Bed Whortleberry or Cowberry, (bee also Oxi/vncvus.) 
The fruit of T. uliyinnsuni is reputed to he narcotic, and is said to he 
employed for making beer, ike. heady. When exposed to fermentation, it 
produces a kind of wine. 


2. H y post a mine re. 

Natural Order 134. Brfaonim’E/k.— The Brunonia Order. 
— Character. — Herbs. Leaves entire, radical, exstipulate. 
Flowers in capitula, surrounded by an involucre. < bdyx inferior, 
5-partite. Corolla 5-partite, withering. Stamens few, hypogy- 
nous ; anthers slightly united. Ovary superior, 3 -celled ; ovule 
solitary, erect ; style single; stiyma surrounded by an indusium. 
Fruit enclosed in the hardened calyx. Seed erect, solitary, 
without albumen. 

Distribution , Examples , and Numbers. — Natives of Australia. 
Brunonia is the only genus. There aro 2 species. 

Properties ami Uses. — Unknown. 

Natural Order 135. Erioaoeje. — The Heath Order. — 
Character. — Shrubb y plants . Leaves entire , evergreen , opposite 
or whorled, exstipulate. Calyx. 4—5-cleft, inferior (fig. 478, r), 
persistent. Corolla hypogynous, monopetalous (figs. 478 and 
081), 4 — 5-cleft ; aestivation imbricate. Stamens hypogynous 
(figs. 081 and 082), as many or twice as many, as the divisions 
of the corolla ; anthers 2-cell ed (fig. 520), opening by pores (fig. 
527, r), appendieulate (fig. 527, a). Ovary many-celled, with 
numerous ovules, surrounded by a disk or scales ; styh 1 (figs. 
081 and 982). Fruit capsular or rarely baccate ; placenta axiie. 
Seeds numerous, small, anatropous ; embryo in the axis of fleshy 
albumen. 
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Division of the Order and Examples of the Genera : — Lindley 
has two sub-orders, as follows : — 

Sub-order 1. Erieese . — Fruit lo- 
culicidal, or rarely septicidal or 
baccate. Buds naked. Exam- 
ples : — Erica, Arbutus. 
Sub-order 2. Rhododendreze . — 
Fruit capsular, septicidal. Buds 
scaly, resembling cones. Exam- 
ples .-—Azalea, Rhododendron. 



Distribution an d Numbers . — 
They are very abundant at the 
Cape of Good Hope, and are also 
more or less generally diffused in 
Europe, N orth and South America, 
and Asia. There are about 900 
species. 

Properties and Uses. — The 
plants of this order are chiefly 
remarkable for astringent pro- 
perties ; others are narcotic, and 
m some cases even poisonous. 
This is especially the case with Kalmia Utti folia, Rhododendron 
chrysanthum, Andromeda jtoribunda , and Azalea pontica. The 
fruits of many are edible. The species of Erica , Rhododendron , 
Kalmia , Azalea, Ac., are largely cultivated in this country on 
account of the beauty of their flowers. The three latter genera 
are commonly called American Plants. Such plants are not, 
however, confined to America, as the name w ould imply. 


/. f) 5 *] Vertical section of the 
Jowei of a speciosot Ilrnth (/.’/ icu). 

/V. 9SJ. RssfUti.ll organs of 
tin* sam<*. The stain ( ns art seen to 
be h} populous. 


Andromeda jtoribunda. — This shrub, which is a native of North America, 
is poisonous. So recently as ]8(U; a number of shetp were poisoned hv 
eating of it, but 19 out of 37 attacked recovered under judicious treat- 
ment. 

Ai ctostaphylos Uru-Ursi, the llearberry. — The leaves are astringent, 
and are official in the British Pharmacopoeia. They have been also used as 
an antidote in poisoning by Ipecacuanha. Combined with astringency they 
also possess mild diuretic properties. 

Azalea pontira . — Trebizond honey ones its poisonous properties to the 
bees feeding on the flowers of this plant. The poisonous honey mentioned 
bv Xenophon, in his account of the ‘ Retreat of the Ten Thousand,’ was of a 
like nature. 

Eptysea repens , Trailing Arbutus. — The leaves and stems possess similar 
properties to Uva-Ursi, and aie used in the United States in similar 
diseases. 

Gualtheria procvmbens , Partridge Berry. — The leaves are official in the 
United States Pharmacopoeia. They possess aromatic, astringent, and 
stimulant properties, which they owe to the presence of a volatile oil and 
tannic acid. The oil is known under the name of Ot / of Partridge Berry or 
Oil of Winter Green. An infusion of the leaves is employed in certain 
parts of North America, as a substitute lor China tea, under the name of 
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Mountain or Salvador Tea. The fruits, kuown as Partridge berries or 
Deer berries, are much relished by some persons.— G. leucocarpa and (i. 
punctata. From the leaves of the^e two species, both of which are natives 
of Java, Dr. de Vrij obtained an oil, which he found to be identical with 
the American Winter Green Oil. 

Kafmia latifolia, a common plant in the United States, is reputed to be 
narcotic and poisonous. The leaves, under the name of ‘mountain laurel,’ 
are said to be a valuable remedy in obstinate diarrhma. They have also 
been used in syphilis and skin diseases. They contain a large amount of 
tannic acid. 

Ledum. — An infusion of t lie leaver of L. pn lustre and L. latifoHum is 
employed in North America as a substitute for China tea, under the name of 
Labrador 1 ea or James’ Tea. It possesses narcotic properties. This plant 
ha* al-o been lately lecommended as a poweiful insecticide. 

Rhododendron. — The dowers of It. arboieum are used by the hill people 
of India in the preparation of a jelly. The powdered leaves of It. campanu- 
latum are emplo\ ed as snuff in certain parts of India. The brow n pulvei ulent 
snostanee found on the pe ioles of some Rhododendrons and Kalmias is also 
in use in the United States of America as a substitute for snuff — R.ihnj - 
a anthum, a Sibeiiun plant. possesM** very maiked narcotic propci lies. 

Natural Order 130. Monoiropvce e.— -T he Fir-Rape Order. 
— Character. — Parasitic plants v\ ith scaly stems. Si pals more 
or less distinct, 4-- 5, inferior. Petals 4— 5, distinct or united. 
Stamens twice as many as the petals, hypogynous ; anthers 2- 
celled, with longitudinal dehiscence. Ovary superior, 4 5-celled 
at the base, 1 -ceiled with 5 parietal placentas at the apex. 
Fruit capsular, with loculicidal dehiscence. Seeds numerous, 
with a loose testa ; embi yo minute, at the apex of fleshy albumen. 

Distribution, ExampU s , and Numbers. 'They are found grow- 
ing on Firs chiefly, in the cool parts of Europe, Asia, and North 
America. Examples of the Generic: — Monotropa, Hypopith) s. 
There arc about 10 species. 

Properties a)id Uses. Unimportant. 

Natural Order 137. Pykolaoe.k —The Winter-Green Order. 
— Character. — Herbs or under-shrnbs , with naked or leafy 
stems. Leaves simple, evergreen. Sepids 5, more or less dis- 
tinct, persistent, inferior. Corolla hypogynous, with 4 — 5 petals, 
scarcely united at their base. Stamens twice as numerous as the 
petals, hypogynous ; anthers 2-celled, with porous dehiscence 
(tiy. 531). Ovary superior, 4 — 5-celled. Fruit capsular, dehis- 
cent; placentas axilo. Seeds numerous, with a loose testa; 
embryo minute, at the base of fleshy albumen. 

Distribution , Examples , and Numbers. — Natives of North 
America, Europe, and the northern parts of Asia. Examples 
of the Genera : — Chimaphila, Pyrola. There are about 20 species. 

Properties aud Uses. — The plants of this order are chiefly 
remarkable for tonic, astringent, and diuretic properties. 

Chimaphila corymhosa or vmbellata , Winter Green, Pipsissewn. — This 
herb possesses diuretic and tonic properties. The leaves are official in the 
United States Pharmacopoeia, In the United States Chimaphila has been 
called ‘ King’s Cure,’ from its reputed value in scrofula. The fresh leaves 
are acrid, and when applied to the skin act as a rubefacient. 
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Natural Order 138. Epacridaceje. — The Epacris Order . — 
Character. — Shrubs or small trees. Leaves alternate or rarely 
opposite, simple, with parallel or radiating veins. Calyx and 
corolla inferior, usually 5-partite, or rarely 4-partite. Stamens 
equal in number to the divisions of the corolla, or rarely fewer, 
hypogynous or adherent to the corolla ; anthers 1 -celled, without 
appendages, opening longitudinally. Ovary superior, many or 
1-celled ; style simple. Fruit fleshy or capsular. Seeds with a 
firm skin, albuminous. 

Distribution , Examples, and Numbers. — Natives of Austra- 
lia, the Indian Archipelago, and the South Sea Islands, where 
they are very abundant. Examples of the Genera : — Astroloma, 
Epacris. There are about 350 species. 

Ptoperties and Uses. — Of little importance except for the 
beauty of their flowers, on which account they are much culti- 
vated. The fruits of many species rtre edible, as those of Astro- 
lornahnrnifvsum , the Tasmanian Cranberry ; Leueopoyon Eichei , 
the Native Currant of Australia ; Lissanthe sapida , and others. 

3. Epipetalfe. 

Natural Order 130. Ebenace.e.— The Ebony Order. — 
Character. — Trees or shrubs without milky juice. Leaves 
alternate, entire, coriaceous, exstipulate. Flamers polygamous. 
Calyx 3— 7-partite, inferior, persistent. Corolla 3 — 7-partite. 
Stamens equal in number to the lobes of the corolla, or twice or 
four times as many, epipetalous or hypogynous ; anthers 2-celled, 
intiorse, opening longitudinally. Ovary 3 — 12-celled, each cell 
with 1 or 2 ovules suspended from the apex ; style usually 
having as many divisions as there are cells to the ovary. Fruit 
fleshy. Seeds large, albuminous. 

Distribution, Examples , and Numbers. — They are mostly 
natives of tropical India, but a few occur in colder regions. 
Examples of the Genera : — Royena, Diospyros. There are nearly 
200 species. 

Properties and l T ses. — Many of the trees of this order are 
remarkable for the hardness of their wood, which is commonly 
known under the names of Ebony and Ironwood. Many species 
have edible fruits, and some have .astringent barks. 

Diospyros . — Many species of this genus have hard and dark-coloured 
heart-woods, which form the different kinds of Ebony : thus, from I), reticulata 
is obtained Mauritius Ebony, the best kind; from I). Melanoxylon, a native 
of the Coromandel Coast, what is commonly known as Black Ebony; from 
J). Ebenaster , the Bastard Ebony of Ceylon ; from I). Ebenvm , the best 
Ceylon Ebony ; and D. hirsuta of Ceylon, and other species, also yield 
inferior lands of Ebony. Coromandel or Calamander Wood, a beautifully 
variegated furniture wood, is also procured from Cevlon. and is obtained 
from D. qnsesita. — The fruit of D. Kaki is eaten in China, India, and Japan. 
It is known in Japan under the name of the Keg-fig. It is the Kaki of 
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the Chinese. The plant fruits freely in this country in a conservatory or 
orchard-house. — The fruit of 1). virginiana , the Persimmon or Virginian 
Date Plum, is sweet and edible when ripe, especially after a frost, hut it 
is very austere in an unripe state ; hence it is frequently employed in that 
condition in the United States, where it is official, as an astringent. In 
the Southern States an indelible ink is also made from the unripe fruit. 
The bark has been likewise used as a febrifuge and astringent. — 1 ). Lotos , a 
native of Europe, has edible fruit. The hark of 1). Metunoryhn possesses 
tonic and astringent properties. The fresh fruit of 1). Embryopttris is 
powerfully astringent, and is < flicial on that account in the Indian Phar- 
macopoeia. The ripe fruit is edilde. The juice of the fruit is also employed 
in Bengal for various useful purposes. The raw fruit of D. mollis yields a 
black dye. 

Roytna hirsuta var. rigida , a Cape shrub, lias an edible fruit. 

Natural Order 140. AqriFOLiACEAS. — The Holly Order. — • 
Character. — Evergreen frees or shrvbs. Loaves (Jig. 318) 
coriaceous, simple, exstipukite or with minute stipules. Flowers 
small, axillary, sometimes unisexual. Stpals distinct, 4 - 6. 
Corolla 4— 6-parlite, imbricate. Stamens equal in number to 
the divisions of the corolla and alternate with its segments ; 
anthers 2-celled, adnate, opening longitudinally. Ovary superior, 
2—6, or more celled, wdth one pendulous ovule in each cell ; 
placentas axile. Fruit fleshy, indeliiscent. Seals suspended; 
embryo small, at the base of a large quantity of fleshy albumen. 

l)ist ribution, Examples, and M ambers . — They are widely 
although sparingly scattered over the globe. Only one species, 
the common Holly, is found in Europe. Examples of the 
Genera Ilex, Prinos. There are about 115 species. 

] ) rope dies and Uses. — Bitter, tonic, and astringent properties 
are those chiefly found in the plants of this order. Some are 
emetic and purgative, while others are largely used as a kind 
of Tea. 

l/t'.r . — The leaves and bark of I. Aqvifotivm , the Common Holly, have 
been employed in intermittent fevers. The berries are purgative and emetic. 
Bird-lime is prepared from the bark, and its white wood is used by cabinet 
makers for mining. A decoction of the leaves of l.vomitoria constitutes 
the Black drink of the Creek Indians. The dried leaves and young twigs 
of 1. paraijnayensis . the Brazilian or Paraguay Holly, and other species or 
varieties, are extensively employed in South America as Tea, under the 
name of Mate or Paraguay Tea. It is remarkable that Mate contains Thein, 
the alkaloid already noticed as existing in China Tea, &c. (See Then , page 
407.) Like China Tea it uKo eont a ins a volatile oil, tannic acid, and gluten ; 
its properties are therefore somewhat similar, hut it is more exciting, and 
w hen taken to excess produces a kind of intoxication. In Brazil a kind of 
Mate, called Gongonha, is also prepared from /. Gongonha and I. theezavs. 
Matt? tea is generally used in Brazil, Paraguay, Peru, IJruguai , ChiJi, and 
other parts of South America. The consumption of Mate in the various 
Soutn American Kcpublies is from 20 to 40 millions of pounds annually. 
From the great astringency of the fresh leaves of /. paraguayeusis , I. Gon- 
gonha , and other species, they are used by the dyers in Brazil. The unripe 
fruits of I. Macoucoua contain much tannic acid, and are employed in 
dyeing cotton. 

Rrinot glaber. — The leaves of this plant, w'hich is a native of North 
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America, are used as a substitute for China Tea. This is known under the 
name of Appalachian Tea. (See Viburnum .) The bark of P. verticillatus , 
called Black Ald^r Bark or Winter Berry , is employed in the United States 
m the form of a decoction, as a tonic and astringent. 

Natural Order 141. Sapota ce^e. — T he Sapota or Sapodilla 
Order. — Character. — Trees or shrubs , often having a milky 
juice. Leaves alternate, simple, entire, coriaceous, exstipulate. 
Flowers hermaphrodite. Calyx inferior, usually with 5, or 
sometimes with 4 — 8 divisions, persistent. Corolla with as many 
divisions as the calyx, or twice or thrice as many. Stamens 
definite, in a single row, half of them sterile and alternating with 
the fertile ones, the latter being opposite to the segments of the 
corolla ; anthers commonly extrorse. Ovary 4 — 12-celled, with 
a solitary anatropous ovule in each cell ; style 1. Fruit fleshy. 
Seeds large, with a shining bony testa ; embryo large, usually in 
albumen, and with a short radicle. 

Distribution, Examples , and Numbers. — Natives chiefly of the 
tropical parts of Asia, Africa, and America. Examples of the 
Genera : — Clirysophyllum, Isonandra, Bassia. There are about 
220 species. 

Properties mid Uses. — Many species yield edible fruits ; others 
are valuable timber trees. The seeds of several contain a fatty 
oil. Some have bitter astringent febiifugal barks, and the milky 
juices of others yield a substance analogous in its general cha- 
racters to caoutchouc or india-rubber. 

Achras. — Several species of this genus \iold dessert fruits; thus the 
fruit of A. Sapota is the Sapodilla Plum; that of A. mammimt, the Marma- 
lade — Achras Sajiota has also a febiifugal baik, and diuretic and aperient 
seeds. Its wood is called Bully-tree Wood or Black Bully. This has a 
greenish coh nr, and is very hard. It is imported, and used for ship- 
building, and other purposes. (Sec Mimusops.) The hark of several other 
species lias been also omplo\ed as a substitute for Cinchona. — Achras or 
Sapota Mulleri , a native of Guiana and Central America. \ ields a substance 
similar to gutta-percha in its properties. It is known as Ba'atas. 

Bassia — The ripe kernels of B. la ti 'folia and those of B. longi folia, t he 
Elloopa-tree, yield fatty oils which are much employed in India, for lamps, 
culinary purposes, and for soap-making; and externally in cutaneous affec- 
tions. The flowers of B. longi folia , under the name of Elloopa, have been 
imported into London. These flow ers are used as food, and also yield an 
alcoholic spirit, which is in much repute in some parts of India. The 
wood of B. longi folia and others is haul and durable, and the bark and 
leaves arc used in medicine. From the seeds of B. butyracea a concrete oil 
is also obtained in India. It is known under the name of Fulwa Butter. 
It is highly esteemed as an external application in rheumatism and other 
affections. The Shea or Galam butter of African traveller is said to be 
yielded by another species of Bassia , probably B. Parka. 

Ch ry sophy Hum. — The fruit of C. Cainito is known under the name of 
Star-apple. It is much esteemed in the West Indies. Other species of 
Chrysophylhm, also yield edible fruits. — C. Buranhem, C. glycyphlceum, or 
Lucuma glycyphlceum , yields an astringent bark called Moves iu bark , which 
has been'much employed in France and Germany in diarihcea and similar 
affections. It contains a principle called monesin, which is analogous to 
saponin. Monesin has been also employed as a medicinal agent. This plant 
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is also the source of the gum or gum-resin known in New York as Chicle . 
It has also been called Mexican Gum and Rubber Juice. It has been chiefly 
used for mixing with rubber for insulating telegraph wires. 

Dichopais ( honandra ) Gutta, the Gutta Pereha or Taban-tree. — This 
is a native of Singapore, Borneo, Sumatra, and other eastern islands. The 
inspissated juice of this, and probably other species of Tsonandra , and of 
other allied genera, as Ch ry sophy llu m , Sideroxylon , Russia, Paytna, Mimu- 
sops, Isonandra , and J mbricaria, constitutes the valuable substance called 
Gutta Pereha. The Gutta Pereha tree is now extinct in Singapore, in con- 
sequence of the destruction of the trees in order to obtain the juice. The 
annual importation of Gutta Pereha into this country is more than 60,000 
cwt. The best Gutta Pereha is obtained from Dichopsis Gutta, and the 
second best variety is derived from a tree called ‘Gatah Sfiudek/ in Perak, 
which Dr. Trimen believes to be a species of Payena. Gutta Pereha is offi- 
cial in the British Pharmacopoeia. 

Lucuma. — Several species yield edible fruits. The plant alluded to above 
under the name of Chn/sophyllum Duranhem is now r also termed Lucuma 
glycyphlceum. (See Chry sophy llum.) 

Mimusops. — The fruit of several species is employed as a dessert ; that 
of M. E/euyi is the Surinam Medlar. The bark of M. Kleuyi aBo possesses 
astringent and tonic properties; and in Southern India the fragrant nectar 
distilled from the flowers is used as a perfume, and as a stimulant medicine. 
The fruit of M. Kaki is also much eaten in India. The seeds of some species 
yield useful oils. Several species, as J\I. Elcuqi, M. indict i , ]\1. hexavdra , 
produce hard, heavy, and durable timber. The flully-tree of British Guiana 
B also by some authors regarded as a species of Mimusops . — J\f. ylobosa is by 
some regarded as the source of Balatas. (See Achras ) 

Sapota Mullen is the Gutta Pereha tree of Guiana. (See Achras .) 

Natural Order 142. Styracack.'K. — T he Storax Order. — 
Character. — Trees or shrubs. Leaves simple, alternate, exsti- 
pulate. Flowers axillary. Calyx inferior or superior, 4— -5- 
partite or almost entire, persistent. Corolla of from 5 — 10 petals, 
either united at the Base or distinct ; aestivation imbricate or 
somewhat valvate. Stamens ecpial in number to the petals, or 
twice or thrice as many, more or less united at the base ; 
anthers 2-colled, roundish or linear. Ovary superior or inferior ; 
style simple. Fruit drupaceous, always more or less fleshy. 
Seeds 1 usually in each cell, sometimes more ; embryo in the 
midst of abundant fleshy albumen, with a long radicle. 

Miers has divided the Styracacege into two orders, called 
Sym plocacesx and Styracaeese , the former of which is essentially 
distinguished by its inferior ovary, imbricate aestivation of 
corolla, and roundish anthers. 

Distribution , Examples , and Numbers. — These plants are 
sparingly distributed in warm and tropical regions ; but a few 
are found in cold climates. Examples of the Genera : — Syin- 
plocos, Styrax. Miers enumerates about 120 species. 

Properties and Uses. — These plants are principally remark- 
able for yielding stimulant balsamic resins. Some yield dyeing 
agents, but these are of little importance. 

Styrax. — The species of this genus frequently yield stimulant balsamic 
resins. — S. Benzoin , the Benjamin tree, is the principal, if not the sole, 

Q Q 
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source of the well-known official concrete balsamic resin which is com- 
monly, but improperly, called Gum Benjamin. This is usually obtained 
after making incisions in the bark. Two kinds are distinguished in com- 
merce under the respective names of Siam and Sumatra Benzoin. The 
former is most esteemed in England. Benzoin is used in medicine as a 
stimulant expectorant. It is, however, chiefly employed in the prepara- 
tion of benzoic acid ; and on account of its agreeable odour when heated, 
it is a common ingredient in the incense so largely used in Catholic 
churches. It is also a constituent in aromatic or fumigating pastilles, and 
in court or black sticking plaster. In Brazil and elsewhere, other species 
of Sty rax yield similar balsamic resins. — S. officinale, a native of Greece, 
the Levant, and Asia Minor, was long supposed by many to be the source 
of our official Liquid Storax; but Hanbury proved that while it was the 
source of the original and classical Storax, this has in modem times wholly 
disappeared from commerce, and that our Liquid Storax is the produce of 
Liquidambar orientalis of Miller. (See Liquidambar.) Storax has similar 
medicinal properties to Benzoin. 

SymplocoH . — The leaves of *S. Alstonia or A/stoni-a theaformis , are slightly 
astringent. They have been employed as a Tea in New Granada, under the 
name of Sanra-fe Tea. The leaves of 8 . tinctoria (Sweet- leaf or Horse- 
Sugar), a native of North America, have a sweet taste, and are eaten by 
cattle. They are also used in dyeing yellow. This plant has a bitter and 
aromatic root. The leaves of other species are also employed in Nepaul for 
dyeing yellow. The bark of S. racemnsa is likewise used in India as a 
dyeingmaterial and as a mordant. It is known under the name of Lotur bark. 

Natural Order 143. ArocYNACEiE. — The Dog-bane Order. 
— Character . — Trees or shrubs , usually milky. Leaves entire, 

Fig. 983 . Fig. 984 . 




Fig. 933. Vertical Section of the 
flower of Periwinkle (Vtnca). 

Fig. 984. Diagram of the 

flower of the same. 


commonly opposite, but occasionally whorled or scattered, exsti- 

K \te. Calyx inferior, 5-partite (Jig. 984), persistent. Corolla 
. 984) 5-lobed ; aestivation contorted. Stamens (Jig. 984) 5, 
alternate with the lobes of the corolla ; Jilaments distinct ; anthers 
united to the stigma (fig. 983), 2-celled (Jig. 523) ; 'pollen granular. 
Omry composed of 2 carpels (fig. 984), which are generally 
merely in contact, but sometimes united so as to form a 2-celled 
ovary ; styles 2 or 1 (Jigs, 594 and 983) ; stigma 1, expanded at 
the base and apex, and contracted in the middle, so as to resem- 
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ble in form an hcmr-glass or dumb-bell (£ 0 . 594, a) ; omelet 
numerous. JFVtt# consisting of 1 or 2 follkles, or a capsule, 
drupe, or berry. Seeds usually with albumen, or rarely exalbu- 
minous. 

Distribution , Examples, <md Numbers. — Natives principally 
of tropical regions, but a few occur in northern regions. Vinca 
is the only British genus. Examples of the Genera : — Allamanda, 
Urceola, Apocynum. There are about 600 species. 

Properties and Uses . — The plants of this order are gener- 
ally to be suspected, as many of them are intensely poisonous, 
although the fruits of a few species are edible. Some are dras- 
tic purgatives, and in others the bark is tonic and febrifugal. 
India-rubber or Caoutchouc, now commonly known in commerce 
as Rubber, is obtained from the milky juice of several species. 


Ahtonia scholaris , a native of India and the Philippine Islands, has 
a bitter, tonic, and astringent bark, which is much esteemed as a remedy- 
in chronic diarrhoea and dAsentery. It is official in the Indian Pharma- 
copoeia, and is known as Ahtonia bark or Ditu bark. It is also regarded 
as a valuable antipenodic and tonic. There has been obtained from it an 
unerystallisable substance called ditain , which, administered in the same 
doses as quinine, is said to be an excellent tonic. Recent experiments have 
proved, however, that ditain is uot an alkaloid but a compound substance 
from which an alkaloid termed ditamine may be obtained. More recent 
investigations show, however, that Cortex Alstonisa is not derived from 
the same plant as that yielding Pita bark, but from A. spectubilig y a 
native of Timor, the Moluccas, and the eastern paits of Java. It is known 
in Java as ‘poeld,’ and is much used in fevers. It contains a peculiar 
alkalnid which has been named ahtonine or ahtonamine. It also contains 
ditamine. According to Hesse, Australian Alstonia Bark, which is derived 
from A. constricta, contains at least four alkaloids, which he has named 


a] s to nine (chbrogenine), porphyrin?, porphyrosine , and ahtonidine . (See also 


Symplocos.) 

lAlyxia stellata has an aromatic bark, which is analogous in its properties 
to that of Canella and Winter’s Bark. 



; Apocynum . — The roots of A. cannabinum and A. androneemifalium are 
ietic and slightly purgative. The fibre known as Colorado Hemp , which 
ay be used in the manufacture of the finer kinds of paper, is obtained from 
. cannabinum. 


Aspidnsperma Quebracho yields White Quebracho Bark, which has been 
lately highly recommended as a febrifuge and antiperiodic. It is also 
useful in dyspnoea. It contains a crystalline alka oid, which has been 

I dospermine. The recent investigations of Dr. Wulfsherg indi- 
piaospermine is identical with the alkaloid paytine , described 
1 1870 , which he derived from a bark known as White Payta 
urce of which is now thought to be a species of Aspidosperma* 
investigations of O. Hetse have however proved to him that pay* 
dospermine a e quite distinct. Hesse also found another alkaloid, 
3 named quebrachine. The bark known as Red Quebracho Bark 
>111 Loxopteriyium Lorenfii, a plant of the order Anacardiacese. — 
native of Guiana, is remarkable for its fluted trunk; this is 
r making paddles. Other spurious Quebracho barks are also 
known in commerce, one being Copalchi bark, from Croton pseudo- China* 
(The germs Aspidotperma is sometimes placed in the Bignonjaceae.) 

Cartgm . — Caiitsa Carandus bears an edible fruit, which is eaten in the 
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East Indies, where it is used as a substitute for Red Currant jelly. The 
fruits of C. edulis and C. tomentma are also eaten in Abyssinia. 

Geissospermum laeve , or G. Vellosii, yields the bark which is employed me- 
dicinally in Brazil as a febrifuge and antiperiodic. The tree is known under 
the name of Pao-Pereira. 

Hancomia speciosa bears a delicious fruit, which is much esteemed bv 
the Brazilians. It is termed Mangalea or Mangava. The milkv juice wh*n 
hardened forms a kind of India rubber. Collins says that Pernambuco 
rubber is probably derived from this species. This rubber is now imported 
in large quantities from Pernambuco and Ceara. It is of good quality. 

iMndolphia. — L. Owariensis , L. Jiorida, and other species, yield African 
Rubber. 

Plumieria . — The flowers of P. alba and other species, natives of the 
We9t Indies and some parts of South America, have a delicious odour ; and 
it is said that the perfume known as ‘ Frangipanni ’ is distilled from them. 
P, rubra is called Red Jasmine in the West Indies. 

Rovpellia grata , a native of Sierra Leone, yields an edible fruit called 
Cream fruit. 

Tabernse Montana utilis , the Ilya-Hya or Cow-tree of Demerara, has a 
milkv nutritious juice. 

Tanghinia venenifera , the Madagascar Poison nut. — The seeds of this 
plant are amongst the most deadly of poisons. It is said that one not larger 
than an almond will destroy twenty persons. It was formerly used as an 
ordeal in Madagascar. 

Thevetia neriifolia . — The bark of this West Indian shrub is reputed to 
possess valuable antiperiodic properties. 

Urctola elastica is one of the principal plants of the order yielding India 
rubber. According to Collins it yields Borneo rubber, and probably other 
India rubber imported into Singapore, although some of this is obtained from 
Ficus elastica. (See Ficus.) 

Vahea gummifera , a Native of Madagascar, and other species, yield a 
kind of rubber. This kind is much valued in France, where it is sometimes 
known as Mauritius Rubber. 

JVriqhtia . — The bark of W. ant idy sent erica or Holarrhena antidysenterica 
is febrifugal and astringent. It is called Conegsi hark. The seeds have 
similar properties. Both the bark and seeds ore much used in India. From 
W. tinctoria a blue dye resembling Indigo is obtained. The wood of IF. 
coccinea and W. mollissima are also employed in India for palanquins, and by 
turners. 

Natural Order 144. Logani ace^e. — The Spigelia or Strychnos 
Order. — Character. — Shnibs, herbs , or trees. Leaves opposite 
entire, with stipules ; the latter, however, sometimes exist only 
in the form of a raised line or ridge. Calyx (fig. 473) inferior, 4 
— 5-partite. Corolla (fig. 473) regular, 4 — 5, or 10-cleft ; aestiva- 
tion valvate or convolute. Stamens sometimes anisomerous ; an- 
thers 2-celled ; pollen 3-lobed. Ovary 2, 3, or 4-celled ; style 
simple below, and with as many divisions above as there are cells 
to the ovary ; stigma simple. Fruit capsular or drupaceo-baccate ; 
placentas axile, ultimately detached. Seeds usually peltate, 
sometimes winged, with fleshy or cartilaginous albumen. This 
order is by no means well defined. V 

Distribution , Examples , and Numbers. — Almost all natives of 
tropical regions. Examples of the Genera : — Spigelia, Logania, 
Strychnos. There are about 200 species. 
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Properties and Usee. — These plants are almost universally 
poisonous, acting on the nervous system and producing fright- 
ful convulsions. Some have been used in medicine in torpid 
or paralytic conditions of the muscular system, and for their 
tonic and anthelmintic properties, but they require much caution 
in their employment, and can generally be only given in very 
small doses. 

Gehemium nitidum or sempervi rens t Yellow Jasmine. — The root is official 
in the United States Pharmacopoeia, and is said to be of especial value in 
neuralgic pains of the face and jaws. It is evidently a remedy of great 
power, and deserves an extended trial in this country. It is now largely 
employed in the United States in intermittent, remittent, typhoid, and 
other fevers, in rheumatism, various obscure nervous diseases, and other 
affections. The active principle, termed gel at mini a or gehemia , exercises a 
sedative action on the nervous system, and is said to correspond in its 
action very closely to coni uni. It is very poisonous. 

Spigeiia. — <8, marylandica , Carolina rink, Wormseed, Perennial Worm- 
grass. The root and leaves of this plant are much employed iu the United 
States of America as anthelmintics, but the root only is official. In large 
doses they operate as irritant cathartics, and in poisonous do«es as narcotics. 
They are but little used iu this country. — 8. Anthelmia , Demerara Pink 
Koot, is employed for similar purposes in Guiana and the West Indies. 

Strycknoa. — This genus contains some of the most poisonous plants that 
are known.— 8. Jgnatii. — This plant yields the seeds known as St. Ignatius’s 
beans ; these come to us from the Philippine Islands, and are official in the 
United States Pharmacopoeia. They are intensely bitter, and contain the 
alkaloid Strychnia in even larger proportions than Nux-vomicn seeds. 
Their effects are similar to them ; they are largely used by homoeopathic 
practitioners. They are also much employed in India in native practice. 
— 8. Nux-vomica , the Kooehla tree, produces Nux-vomica seeds, so well 
known for their powerfully poisonous effects. These seeds owe their viru- 
lent properties to the presence of the alkaloids strychnia and brucia y but 
more especially to the former. It is stated by some authors, but upon what 
authority we know not, that the fruit of Feuilltea cordi folia is an antidote 
to this poison. (See Feuillaea). Both the seeds and the alkaloid strychnia 
have been employed as stimulants of the nervous system in paralysis. 
They are alsc valuable tonics. Nux- vomica seeds are imported from Coro- 
mandel, Ce)lon, and other parts of India. In consequence of the enormous 
quantities which have been of late years brought to this country, it was 
formerly thought that they were employed in the manufacture of bitter ale 
on ac ount of their intense bitterness, but this has been satisfactorily dis- 
proved. A large quantity of bo:h nux-vomica seeds and strychnfa are 
employed by gamekeepers, and others, to destroy vermin ; and both the 
seedf and strychnia are aho largely exported to Australia, where they are 
extensively employed for de.-troying the native dog (dingo), and vermin. 
The large imputation of the seeds into this country is therefore satisfac- 
torily accounted for, and need give rise to no further misgivings as to their 
improper use. The bark of 8. Nux-vomica is also very poisonous owing 
to the presence of bru . ia chiefly ; hut it also contains traces of strychnia. 
As already noticed, it was formerly substituted for cusparia or anyustura bark 
(see p. 492), lienee it is likewise known as false anguatura bark. This bark 
is also frequently sold iu Calcutta under the name of llohun , from which 
circumstance it has been substituted for the febrifuge bark of Soymida 
febrifuga, the Rohuna tree (see p. 482). The leaves and wo« *d are also 
employed medicinally in India. The juice of Strychnos Tieuti is the Java 
poison called Upas Tieutd. It owes its poisonous properties to Strychnia, 
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This poison must not be confounded with the true Upas, which i9 derived 
from a species of Antiaria. (See Antiaria.) The recent investigations of 
Planchon have shown that the celebrated arrow-poison which is prepared 
by various Indinn tribes in the northern parts of South America, and known 
as Wouraliy Urari , or Curare , is essentially prepared from species of 
Strychnon. Planchon has also proved that different species are employed 
in its preparation in different districts. Thus in the region of the upper 
Amazon, 8. Casiehioeana is u«ed ; in the upper Orinoco region a new species, 
named S. Gubleri, is the essential element of the Curare ; in British Guiana 
£. toxifcra is principally used, but this is associated with 8. cogens and 

Schomburgkn ; while tlie fourth kind, the Curare of upper French Guiana, 
is also prepared from a new species named Crevauxiu Wourali has been 
employed in tetanus, but with no very satisfactory results. The wood of 

colubrina and S. ligustrina , natives respectively of Malabar and Java, 
is employed as an antidote to the bites of poisonous snakes, hence it is 
termed Lignum colubrinum or Snake-wood. Several other kinds of wood 
are, however, known in Asia under the same name. Lignum colubrinum has 
been also employed as a cure for intermittent fevers, and for other purposes. 
It contains strychnia, and therefore requires much caution in its use. 
The bark of N. Pseudo- Quina is ex I en-d vely employed in Brazil as a 
substitute for Cinchona Bark. It contains neither strychnia nor brucia, 
and is devoid of poisonous properties. It is frequently erroneously called 
Copalchi bark (see Croton for the source of this bark). Ihe dried ripe 
seeds of S. potatorum are devoid of poisonous properties. They are em- 
ployed bv the Hindoos to clear muddy water, hence the name o\ Clearing- 
nut 8 which is commonly applied to them. Their efhcacv is due to the 
presence of albumen and casein, which act as fining agents in a similar 
manner to analogous agents emplo\ ed for beer and wine. These seeds are 
also reputed to be emetic. The puli) of the fruit of 8. potatorum is edible, 
as is also that of £. Pseudo- Quina, 8. mnocna , and some other species; 
and, according to Roxburgh, that of *$. Na c-vomica is likewise greedily 
eaten by birds. 

Natural Orders 145 and 146. Diapensiace.e and Stilbace.e. 
— These are two small orders of shrubby plants which are placed 
by Lindley in his Gentianal alliance, and regarded by him as 
nearly allied to Loganiacese. The Diapensiacese, of which there 
are but 2 genera, and 2 species, the uses of which are unknown, 
are natives of North America and Northern Europe ; and the 
Stilbaceee, of which there are 3 genera, and 7 species, without 
any known uses, are natives of the Cape of Good Hope. 

Natural Order 147. Gentianauea;. — T he Gentian Order. — 
Character. — Herbs or rarely shr'ubs , usually smooth. Leaves 
generally simple, entire, opposite, sessile, and strongly ribbed ; 
rarely alternate, or stalked, or compound ; always exstipulate. 
Flowers (fig. 426) almost always regular, variously coloured, 
axillary or terminal. Calyx inferior, persistent, usually with 
5 divisions, or occasionally with 4, 6, 8, or 10. CoroUa per- 
sistent, its divisions corresponding in number to those of the 
calyx ; aestivation imbricate-twisted, plaited, or induplicate. Sta- 
mens as many as the segments of the corolla and alternate with 
them. Ovary 1-celled, or rarely partially 2-celled from the pro- 
jection inwards of the placentas ; ovules numerous ; placentas 2, 
parietal (fig. 675), anterior and posterior to the axis, and fre- 
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quently turned inwards ; style 1 ; stigmas 2, right and left of the 
axis. Fruit capsular (Jig. 675), 2-valved, with septicidal dehis- 
cence ; or a berry. Seeds numerous (Jig. 675), small ; embryo 
minute, in the axis of fleshy albumen. 

Diagnosis. — Usually smooth herbs. Leaves without stipules. 
Flowers nearly always regular. Calyx and corolla persistent, 
with an equal number of lobes. Stamens alternate to the lobes 
of the corolla, and equal to them in number. Ovary superior, 
1-celled, with 2 parietal placentas placed anterior and posterior, 
sometimes meeting in the centre and forming a 2-celled ovary ; 
style 1 ; stigmas 2. Seeds small, numerous, with a minute 
embryo in the axis of fleshy albumen. 

Division of the Order and Examples of the Genera : — The order 
may be divided into two sub-orders, the characters of which 
are essentially derived from the {estivation of the corolla : — 

Sub-order 1. Gentianese. — Corolla imbricate-twisted. Exam- 
ples : — Gentiana, Chlora. 

Sub-order 2. Menyanthew . — Corolla plaited or induplicate. 

Examples : — Menyanthes, Villarsia. 

Distribution and Numbers. — They are found in nearly all parts 
of the world, inhabiting both the coldest and hottest regions. 
There are upwards of 500 species. 

Properties and Uses. — A bitter principle almost universally 
pervades the plants of this order ; hence many of them are tonic, 
stomachic, and febrifugal. 

Erythrwa Centaurium, Common Centaury, is an indigenous plant pos- 
sessing similar properties to Gentian, it was till lately official in our 
pharmacopoeias. Other species have similar properties. 

Exacum. — Various species, as E. bicolor, E. pendu nculatum, and others, 
natives of the East Indies, possess the tonic and stomachic properties of 
Gentian, and may be substituted for it. 

Frasera carohnensis or W alteri . — The root is official in the Pharmacopopia 
of the United States. It is commonly known as American Calumba. It 
has much less bitterness than Gentian root ; and hence though similar in 
properties, it is le*>s powerful. It has been sold for Calumba in France, 
and is therefore sometimes termed false Calumba. 

Gentiana lutea. — 1 his plant is a native of the mountains of central and 
southern Europe. Its root is our official Gentian, so well known for its 
bitter tonic properties. The roots of other species of Gentian are frequently 
found mixed with it in commerce, us those of G. purpurea , G. punctata, and 
G. Pannonica ; this admixture is, however, of little consequence, as they 
all possess similar properties. Powdered gentian is sometimes used to give 
flavour, &c., to cattle foods. From Gentian root, the Swiss and Tyrolese 
prepare a spirit which is much prized by them as a stomachic. The root of 
G. Catesbsei is official in the Pharmacopoeia of the United States, and has 
similar properthe to, though less powerful than, those of G. lutea. 

Menyanthes trifoliata , Buck-bean, Bog-bean, or Marsh Trefoil. — The 
leaves and rhizome are tonic and astringent, and in large doses cathartic 
and emetic. The plant has been employed in Lapland, and some parts of 
Germany, as a substitute for hops. It was till lately official in our pharma- 
copoeias. 
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Ophelia ( Agathotes ) Chirata , the Chiretta or Chirayta. — The dried plant 
and root possess great bitterness. Chiretta is used by the natives of India 
as Gentian is employed in Europe. It is also in use as a tonic, &e., in 
this country, and is official in the British Pharmacopoeia. Other species, 
natives of the East Indies, have similar properties, but are less valuable. One 
of these, namely, O. angustifolia, is now often substituted in this country 
for the genuine drug, as was first noticed by the author. 

Sabbatia angularity American Centaury. — The herb and root are em- 
ployed in the United States for their tonic and febrifugal properties. 

Natural Order 148. AscLEPiADAOEiE. — The Asclepias or 
Milk-weed Order. — Character. — Shrubs or herbs , commonly 
milky, and frequently of a twining habit. Leaves entire, exsti- 
pulate. Flowers regular {figs. 985 and 98G). Calyx and corolla 
5-partite (figs. 985 and 986) ; sestiration of the latter imbricate 
or rarely valvate ; the calyx persistent {fig. 560), the corolla 
deciduous. Stamens 5 {fig. 985), alternate with the lobes of the 


Fio. 986. Fig. 987. 



Fig. 085. Diagram of the flower of Asclepia<i mt'ea. Fig. 986. Flower of a 

species of Axcltpia* , with the stamens united Rnd forming a tube round 

the pistil, p. Corolla, a. Appendages of the stamens. Fig. 987. One 

of the stamens of the same removed. /. Filament, a. Anther, p. Horn- 
like appendage. 


corolla ; filaments usually combined so as to form a tube round 
the pistil {fig. 986), or sometimes distinct ; anthers frequently 
appendiculate {fig. 987, p) ; ‘ pollen when the anther dehisces, co- 
hering in masses {fig. 560, b) and sticking to 5 processes of the 
stigma {fig. 560, p) by twos, or fours, or singly.* Ovary superior 
{fig. 985), formed of 2 carpels, which are more or less adherent 
below, but distinct above ; styles 2 ; stigmas united and expanded 
into a fleshy 5-cornered head, the pollen-masses adhering to 
gelatinous processes arising from its angles {figs. 5b0, s, and 986). 
Fruit consisting of 2 follicles, or 1 by abortion. Seeds numerous, 
generally comose {fig. 744), with thin albumen. 

Diagnosis. — This order is at once distinguished amongst the 
Epipetabe by its curiously formed stigma, and adhering pollen- 
masses. 
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Distribution , Examples , and Numbers . — They are chiefly tro- 
pical plants, abounding in southern Africa, India, and equinoctial 
America. Examplesofthe Genera : — Hemidesmus, Solenostemma, 
Calotropis, Asclepias, Hoya, Stapelia. There are about 1,000 
species. 

Properties and Uses . — The plants of this order are chiefly 
remarkable for their bitter acrid juice, which renders them 
stimulant, emetic, purgative, and diaphoretic. Several species 
are reputed to be antidotes to snake-bites. The milky juice of 
some species contains caoutchouc ; but no important commer- 
cial kind of Rubber is obtained from them. The parts of some 
are edible, as the roots of Gomphocarpus pedunculatus , and the 
tubers of Ceropegia Vignaldiana , <fcc. 


Asclepias. — The root of A. Curnssavica is employed in some of the West 
Indian islands as an emetic, hence it is termed bastard Ipecacuanha. From 
the stems of A. tenacissima , Jetee or Tongoose fibres are obtained. The root 
of A. tuberosa , the Butterfly- weed or Pleurisy-root, is employed in the 
United States as a diaphoretic and expectorant. — A. incar nata, Swamp 
Silk-weed, is used in North America as an anthelmintic, and in asthma and 
rheumatism. 

Calotropis. — The dried root bark of C. gigantea and C. procera form 
Mudar bark , which is oflieiftl in the Indian Pharmacopoeia, and has been 
much employ ed in cutaneous affections. It has been also used as a substitute 
for Ipecacuanha. It contains a bitter principle. According to Hoyle, Ak or 
Mudar fibres are obtained from this bark. The bark of the root of C. 
Hamiltonii possesses similar properties, and is said to yield Ytrcum fibres. 

Cynanchum — The expressed juice of C. monspeliacum mixed with other 
purgative substances constitutes French or Montpellier Scammony. — C. 
ovali folium yields caoutchouc at Penang. 

Gonolobus Cundurango. — Cumlurango or Condurnngo bark has been 
introduced into this country and elsewhere as a specific antidote to cancer, 
but extensive trials have shown that it is as useless as a remedial agent 
as any of the reputed cancer cures that have preceded it. 

Gymnema. — U.lactiferum is the Cow-plant of Cej Ion. It derives its 
common name from producing a juice resembling milk in colour and consis- 
tency. The leaves when boiled and chopped into pieces are administered to 
nurses under the idea that they increase the secretion of milk. — G. sylvestre, 
a native of Northern India, lias the singular property when chewed of de- 
stroying the power gf tasting sugar for twenty-four hours, without in any 
other way interfering with the sense of taste. 

Hemidesmus indicus. — The roots are known under the names of Indian 
or Country sarsaparilla , and as Nunnari root. They were originally im- 
ported under the name of Smilax aspera, from an erroneous idea of their 
origin. They resemble sarsaparilla in their properties, and are largely 
used in India as a substitute for it. Hemidesmus is official in the British 
Pharmacopoeia. 

Marsdenia. — M. tinctoria, a native of Silhet, produces a kind of indigo. 
— M. tenacissivm has very tenacious fibres which are used for bow-strings 
by the mountainc 'rs of Hajmahl. 

Solenostemma ( Cynanchum ) Argel. — The leaves have been much em- 
ployed to adulterate Alexandrian Senna. (See Cassia, p. 524.) 

Tyhphora asthmatica. — The dried leaves form an efficient substitute for 
Ipecacuanha. They are official in the Pharmacopoeia of India. The root 
has similar properties. 
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Natural Order 149. Cordiace^:. — T he Cordia or Sebesten 
Order. — Character. — Trees with alternate scabrous leaves , ex- 
stipulate. Calyx and corolla 5-merous ; aestivation of the corolla 
imbricate. Stamens 5, alternate with the segments of the co- 
rolla ; anthers versatile. Ovary superior, 4 — 8-celled, with 1 
pendulous ovule in each cell ; stigma 4 — 8-cleft. Fruit drupa- 
ceous, 4 — 8-celled, or frequently some of the cells are abortive ; 
placentas axile. Seeds 1 in each cell, pendulous by a long cord ; 
albumen none ; cotyledons plaited longitudinally. 

Distribution , Examples , and Numbers. — Natives almost ex- 
clusively of tropical regions. Examples of the Genera : — Cordia, 
Yarronia. There are above 180 species. 

Properties and Uses. — The fruits of many species are edible, as 
those of Cordia Myxa and C. latifolia , which are called Sebestens 
or Sebesten plums, and are eaten by the natives, and others, in 
India ; those of Cordia abyssinicaj Wanzey or Vanzey, which are 
esteemed by the Abyssinians ; and the succulent fruits of Var- 
ronia rotniidifolia , which are used to fatten cattle and poultry. 
The bark of C. Myxa is reputed to be a mild tonic and astringent. 
Some species, as Cordia Rnmphii and Cordia Gerascanihus , yield 
useful and ornamental timber. The wood of Cordia Myxa is 
said to be that from which the Egyptians constructed their 
mummy-cases. (See also Ficus.) Anacuhuite Wood, a substance 
imported into this country a few years since, and recommended 
as a tonic, &c., is derived from Cordia Boissieri. 

Natural Order 150. Convolvulace^e. - — The Convolvulus 
or Bindweed Order.— Character. — Herbs or shrubs, generally 


Fig. 988. 


Fig. 989. Fig. 990. 




Fig 988. Flower of Great Bindweed ( Caly - 

aeqia (Convolvuli/ 1 ) septum). Fig 989. 

Diagram of the same flower, showing two 

bracts on the outside of the calyx. 

Fuj 990. Vertical section of the seed. 


twining {jig. 218) or trailing, and milky. Leaves (fig. 218) alter- 
nate, exstipulate. Calyx inferior (figs. 988 and 989), with 5 deep 
divisions, much imbricated, persistent. Corolla (figs, 988 and 
989) 5-partite or 5-plaited, regular, deciduous, without scales 
in its tube ; aestivation plaited. Stamens 5, alternate with the 
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lobes of the corolla (fig. 989). Ovary (fig. 989) 2, 3, or 4- celled, 
or the carpels are more or less distinct ; ovules 1 — 2 in each cell 
or carpel, erect. Fruit capsular, 1 — 4-cel Jed, with septifragal 
dehiscence. Embryo (fig. 990) large, curved or coiled in a small 
quantity of mucilaginous albumen, with foliaceous crumpled 
cotyledons. 

Distribution , Examples , and Numbers. — They are chiefly found 
in the plains and valleys of hot and tropical regions. A few 
occur in temperate climates, but they are altogether absent in 
the coldest latitudes. Examples of the Genera : — Convolvulus, 
Ipotnoea, Batatas. There are about 700 species. 

PropeHies and Uses. — They are chiefly remarkable for the 
presence of an acrid milky purgative juice in their roots, hence 
the order includes some important medicinal plants. The pur- 
gative property of the juice is essentially due to the presence of 
peculiar resins. In the roots of other species this purgative prin- 
ciple is either absent or in but small quantity, and starch or sugar 
predominates, which renders them edible. The seeds of some 
species are also purgative. 

Batatas edulis. — The root of this plant constitutes the Sweet-Potato, 
which is so largely used for food in many tropical countries. 

Convolvulus , Bindweed. — From the incised living root of C. Scammonia , 
the official and valuable purgative gum-resin called Scammonv is obtained. 
This plant is a native of Asia Minor, Syria, the Crimea, and lireece. The 
best and greater part of the Scammon v of English commerce is imported 
from Smyrna. The roots of many other species also possess in a certain 
degree purgative properties; as those of our native species, Convolvulus 
(Calystegia) sepium, C. arvensis, and C. Soldanella. It is said that Con- 
volvulus dissectus yields hydrocyanic acid when distilled with water. It is 
one of the plants used for flavouring Noyau. 

Exogonium ( Ipomcea ) Purga. — This plant is a native of Mexico, near 
Chicanquiaco. its tubercular roots constitute the true Jalap ot‘ the Materia 
Medica, so well known as a purgative. Jalap is official in the British 
Pharmacopoeia. 

Ipomcea. — The roots of 1. orizabensis are sometimes found intermixed 
with true jalap. This spurious jalap is known in Mexico as male jalap, and 
in English commerce as woody jalap ox jalap wood, and on the Continent 
as light or fusiform jalap. It possesses similar, although somewhat less 
powerful properties to those of true jalap. The roots of 1. Turpethum , 
Turpeth, were formerly much used as a purgative. The large roots of 
I. macrorhiza contain much farinaceous matter, and are eaten by the 
inhabitants of Georgia and Carolina. — I. pandurata is the Mechameck of 
the Indians of North America; its ro>ts aro said to be purgative and 
somewhat diuretic. Tampico jalap, now frequently employed as a substi- 
tute for true jalap (see Exogonium ), is derived from Ipomcea simulans. It 
appears to be nearly, if not quite, as powerful as the official kind. — Ipomcea 
( Pharbitis ) Nil. — The seeds are official in the Pharmacopoeia of India, 
under the name of Kaladana. They possess similar medicinal properties to 
our official jalap, but are not quite so active. 

Rhodorrhiza . — From the species of this genns, natives of the Canary 
Islands, the volatile oil called Oil of Rhodium is commonly said to be ob- 
tained ; but at the present time the so-called oil of Rhodium of commerce is 
a mixture com|K>unded according to the taste of the vendor and the pocket of 
the buyer. The powdered wood is also used for snuff, and for fumigation. 



604 


CUSCUTACEiE. POLEMONIACE^. SOLANAC EM. 


Natural Order 161. Cuscutace^.— The Dodder Order. — 
Diagnosis . — This is a small order which is generally regarded as 
a sub-division of the Convolvulacese. The plants of which it is 
composed are distinguished from those of that order by their 
parasitic habit (fig. 262) ; by the absence of leaves (fig. 252) ; by 
the tube of their corolla being furnished with scales (fig. 991), 

Fig. 992. 


Fi</. 991. Corolla of Dodder 
( Cuscvta ) laid open to show 
the scales on the inside of 

its stamens. Fig. 992. 

Spiral embryo of a species of 
Cu.scuta. 



Fig. 991. 



which alternate with its segments ; and by having a filiform 
coiled embryo (fig. 992), with almost obsolete cotyledons. 

Distribution , Examples , and Numbers. — Chiefly natives of 
temperate climates. There are about 60 species. 

Properties and Uses. — They are said to be purgative in their 
action. They are often very destructive to Flax, Clover, and 
other crops. 

Natural Order 152. Polemokiaoe.®. — The Phlox Order. — 
Character. — Herbs. Leaves opposite or alternate. Calyx in- 
ferior, 5-partite, persistent, generally regular. Corolla 5-lobed, 
with contorted or occasionally imbricated aestivation. Stamens 
5, alternate with the segments of the corolla ; pollen usually of a 
blue colour. Ovary 3-celled ; style 1 ; stigma trifid. Fruit cap- 
sular, 3-celled, 3-valved ; placenta axile. Seeds few or many ; 
embryo straight, in the axis of copious horny albumen ; cotyledons 
elliptical, foliaceous. 

Distribution , Examples , and Numbers. — They abound most in 
the temperate parts of North and South America ; but are far 
less abundant in Europe and Asia, and altogether unknown in 
tropical countries. Examples of the Genera : — Phlox, Collomia, 
Polemonium, Cobeea. There are above 100 species. 

Properties and Uses. — Of no importance except for the pret- 
tiness of their flowers. The seeds of Collomia and some other 
plants of this order have their testa covered with hair-like cells 
containing spiral fibres ; these fibres in Collomia expand in coils 
when the seeds are moistened. (See page 326.) 

Natural Order 153. Solanace^s. — T he Solanum or Potato 
Order. — Character. — Herbs , or rarely shrubs , or trees , with 
a colourless juice. Leaves alternate, often geminate. Inflw'es - 
cence axillary, or frequently extra-axillary (fig. 349). Flowers 
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isomerous (fig. 993). Calyx (fig. 993) with 5 or rarely 4 divisions. 
Corolla (fig. 993) regular or somewhat irregular, 6- or rarely 4- 
partite ; aestivation valvate, induplicate, or imbricate. Stamens 
equal in number to the lobes of the corolla, with which they are 
alternate (fig. 993), the fifth stamen sometimes sterile ; anthers 


Fig. 994. 



Fig. 993. Diagram of the flower of the Potato ( Solatium tubirosum). 

Fig. 994. Vertical section of tlu flower c. Oaljx. p.p Corolla, o, 

Ovary, e. Stamens. s. Style and stigma Fig. 995. Vertical section 

of the seed of SoUmuni Dulcamara, te. Testa. t?i. Chalaza. alb Albu- 
men. 

Fig. 996. 



Fig. 997. 



Fig. 996. Vertical section of 
the flower of Tobacco (Nico- 

tiana Tabacum). Fig. 997. 

Diagram of the flower. 


2-celled, with longitudinal or porous dehiscence (fig. 534). Ooary 
superior (figs. 993, 994, and 996), usually 2-celled, in which case 
the cells are placed anterior and posterior, rarely 3- to 5- celled ; 
style (figs. 994 and 996) simple ; stigma clavate or 2-lobed. 
Fruit capsular or baccate, 2 or more celled. Seeds numerous, 
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albuminous ; embryo straight, or curved in a more or less annular 
or spiral form (jig. 995). 

Diaguosis . — Herbs or rarely shrubs or trees, with alternate 
leaves, and a colourless juice. Flowers isomerous. Calyx and 
corolla with 5, or rarely 4 divisions. Corolla regular or very 
slightly irregular ; aestivation valvate, imbricate, or induplicate. 
Stamens equal in number to the lobes of the corolla ; anthers 2- 
celled, with porous or longitudinal dehiscence. Ovary superior, 
usually 2-celled, the cells being then placed anterior and pos- 
terior ; or rarely more celled. Fruit dehiscent or indehiscent, 2- 
or more celled. Seeds numerous, albuminous. 

In former editions of this Manual, following the views of 
Miers, we made a new order, Atropaceae ; but as this arrangement 
has not been generally adopted, we have now combined the latter 
order with the Solanaceie ; but on account of the more important 
medicinal value of the Atropaceee of Miers, we retain this order 
as a sub-order, and divide the Solanaceae as follows : — 

Sub-order 1. Solanea ?. — ^Estivation of the corolla valvate or 
induplicate. Stamens equal in number to the lobes of the 
corolla. Examples: — Cestrum, Solanuin. 

Sub-order 2. Atropeae. — ^Estivation of the corolla imbricate, 
or some modification of imbricated. Stamens equal in number 
to the lobes of the corolla, one occasionally sterile. Examples : 
— Atropa, Lycium. 

Distribution and Numbers. — They are scattered over various 
parts of the globe except the polar circles, but are most abun- 
dant in tropical regions. This order, as defined above, contains 
about 1,120 species. 

Sub-order 1. Solaneae.— Properties and Uses. — The plants of 
this sub-order frequently possess narcotic properties, but not by 
any means to the Bame extent as those of the Atropefe. Fatal 
cases of poisoning have, however, occurred from their improper 
use. Some are pungent and stimulant owing to the presence 
of an acrid resin ; others contain a bitter tonic principle ; and a 
few have edible fruits, leaves, or tubers. It has been stated 
that the juice of the Solaneae does not produce dilatation of the 
pupil of the eye, as is the case with that of many plants of the 
Atropese ; but this is not strictly correct. 

Capsicum. — The species of this genus are remarkable for the piesence of 
an oleo-resinous liquid in their fruits, which renders them hot, pungent, 
and stimulating. This oleo-resin has been named capsicin ; but recently 
this has been proved to contain a very minute proportion of a crystalline 
substance called capsaicin, which is the real active principle of capsicum 
fruits. The various species of Capsicum are generally supposed to have 
been originally natives of some warm part of the American continent, from 
whence they have become distributed over the world. There are several 
species and varieties of Capsicum in common use, one of which is official, 
namely, the C. fastigiatum of Blume. The fruits of this are sometimes sold 
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«s Chillies ; but this name is more commonly applied in this country to the 
fruits of C. annuum. They are better distinguished as Guinea Pepper. 
These fruits are less than an inch in length, anil are the most pungent of 
all capsicum fruits. Cayenne Pepper is the powdered fruits of probably 
several species or varieties of Capsicum, but principally of C. fasti giatum. 
The fruits of C. annuum , under the name of Chillies, are also in common 
use in Great Britain, the United States, &c. They are frequently two or 
more inches in length. Hungarian Red Pep) er ( paprika ) is obtained from 
a variety of C. annuum with a small pointed fruit. It is highly esteemed, 
and is said to be much used in the preparation of Cayenne Pepper. 
Other varieties or species of Capsicum in use in different parts of the 
world, are the C. ctrasiforme (Cherry Pepper or Round Chilli), C. gros~ 
sum (Bell Pepper), C. frutescens (Spice Pepper), C. baccatum (Rird Pepper^), 
C. tettagonvm (Bonnet Pepper). The general name of Pod Pepper is 
applied to the fruits of the species and varieties of Capsicum. 

Lycopersicum escnlentum . — This plant produces the fruits called Love- 
apples or Tomatoes, so much employed in the preparation of sauces, and for 
other purposes. 

Physalvt. — P. peruviana has an edible fruit which is known as the 
Peruvian Winter Cherry. — P. Alkekengi, Winter Cherry, and some other 
species, are diuretic. — Physalis ( Withania ) somnifera , as its name implies, 
is reputed to possess narcotic properties. 

Punneeria ( Withania) coagulans. — The dried fruit is employed in India 
as a carminative and stomachic, and also as a substitute for rennet in making 
cheese, &c. 

Solanum . — The Common Potato, which is so largely used for food in 
temperate climates, is tCe tuber of 8. tuberosum. A decoction of the stem 
and leaves has been used as an alterative in cutaneous diseases, and an 
extract has been also employed as a narcotic and antispasmodic. The leaves 
when roasted have been used with success for thickening mordants in dye- 
ing. The med cinal properties of the Potato plant are chietiy due to the 
presence of a small quantity of an alkaloid called Solanine or solania , 
which has narcotic properties. Solania does not produce dilatation of 
the pupil like the alkaloids of the Atropc* ; and hence the reason why 
the juice of the Solaneao generally differs in such respect from that of the 
Atropese. Solania has been detected in all parts of the Potato plant, 
but in the tuber all tracts of it are entirely removed by the process of 
boiling and preparing potatoes for the table. Starch is largely obtained 
from potatoes, and used for food under the names of English arrownot , 
BrrghVs nutritions farina, &e. It is employed to a great extent in the pre- 
paration of dextrine or Starch-gum , which iB used in the arts, &c., as a sub- 
stitute for gum, size, and paste. — Solanum Dulcamara , Woody Nightshade 
or Bitter-sweet. The dried young branches are official : they are said to 
be diuretic and diaphoretic, and are employed as an alterative in cutaneous 
diseases, and in other cases. They aLo possess slight narcotic properties 
owing to the presence of solania. The fruits are in rare cases even poison- 
ous, for one or more fatal cases of poisoning by them have occurred within 
the last few years. — S. nigrum, Black Nightshade, also possesses alterative 
and narcotic properties. The fruit is said to be edible; but if such be the case, 
its use for food requires caution, as solania has been found in it. In the Mau- 
ritius, however, this herb as well as S. oleraceum are common pot-herbs and 
are largely consumed. The fruits of several species of Solanum are also eaten 
in various parts of the world, as those of «S. Melongena and S. ovigerum , which 
are called Egg-apples; those of N. quitoense , named Quito Oranges; those 
of S. laciniatum in Australia, where they are termed Kangaroo-apples; 
those of /S. muricatum and <$. nemorense in Peru ; and those of S. anthropo- 
phagorum and S. repandum in the Fiji Islands. The leaves of S. oleraceum 
and N. anthropophagorum are likewise eaten by the Fijians. — S. marginatum 
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has astringent properties, and is employed in Abyssinia in the process of 
tanning. — N. Pseudoquina , a Brazilian species, is much employed in that 
country as a tonic and febrifuge. Several species of Solanum are also 
reputed to have diuretic properties, as N. mammosum, 8. paniculatum, and 
others. The flowers and leaves of S. cemuum are sudorific, and have been 
employed in gonorrhoea, s} r philis, &c. 

Sub-order 2. A tropes? . — Properties and Uses . — Many of the 
plants have powerful narcotic properties ; hence several are 
very poisonous. The juice of numerous species will produce 
dilatation of the pupil of the eye. (See Properties and Uses 
of the Solanese, page 606.) 

Atropa Belladonna , Deadly Nightshade or Dwale, is a powerful poison. 
It is employed internally as an anodyne and antispasmodic, and externally 
for dilating the pupil of thee^e. John Harley regards it as a valuable 
remedy in scarlatina. It owes its activity to a peculiar alkaloid called 
atropia, which is frequently employed to produce dilatation of the pupil, 
and for other purposes. Atropia is a most powerful poison. 

Datura.— J). Stramonium . — A narcotic property is possessed by all parts 
of the plant, and is especially developed in the seeds. Its medicinal effects 
resemble those of Atropa Belladonna. It is employed as an anodyne and 
antispasmodic. In spasmodic asthma , smoking the herb, or inhalation from 
its infusion in warm water, has frequently given great relief, but its use 
requires much caution, as it has in come instances produced fatal results. 
A strong decoction of the leaves is used in Cochin China as a remedy for 
hydrophobia, in w hich disease it is reputed to be very efficacious. Stramo- 
nium owes its principal activity to the presence of a narcotic alkaloid called 
daturia , which much resembles and is probably identical with atropia , the 
alkaloid of Atropa Belladonna. Recent investigations appear to show also 
that it is identical with duboisia ahd hyoscyamia. (See Dulmsia.) Daturia 
is a powerful poison, and strongly dilates the pupil. — D. alba, J). Tatula, 
D.fastvosa, and other species, have similar properties to 1). Stramonium, In 
India D. alba is frequently used by the natives for criminal purposes, 
the professioual poisoners from this drug being called J)ha*ureeas. The fruit 
of D. sanguinea , the Red Thorn-Apple, is in use among the Indians of the 
Andes, and in Central America, in the preparation of narcotic drinks ; these, 
it is believed, produce a peculiar excitement, and enable those who partake 
of them to have communication with the spirits of their ancestors. 

Duboisia myoporoides. — This plant, which is a native of New Caledonia 
and some parts of Australia, is closely allied to Belladonna in its properties, 
and contains a closely allied alkaloid which has been named duboisia. It is 
now said that this alkaloid, hyoscyamia , and daturia , ai e of the same nature. 
The leaves, known as ‘ Pitury,’ and used as an Australian substitute for coca 
(see Erythroxybn), are obtained from D. Hopwoodii. They are said to 
contain an alkaloid analogous to nicotia. 

Hyoscyamus niger , Henbane. — The whole herb possesses narcotic proper- 
ties, and is employed medicinally as a narcotic, anodyne, and soporific. Its 
activity is essentially due to the presence of the alkaloid hyoscyamia (see 
Duboisia ), which is a powerful poison resembling atropia and daturia, and like 
them it causes dilatation of the pupil. Tw o varieties of Henbane are com- 
monly cultivated, the Annual and the Biennial ; the latter of which is com- 
monly regarded as the most active. — H. albus , a native of the region of the 
Mediterranean, possesses the same properties as, and is probably of equal value 
to, that of H. niger. — H. insattus , a native of Belucliistan, is sometimes used 
for criminal purposes. It is said by Stocks to be a very poisonous species. 
It is called Mountain Hemp. 
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Mandragora officinalis, the true Mandrake. — The roots have a fancied 
resemblance to the human form, hence their name. This Mandrake must 
not be confounded with .the root of Bryonia dioica, which is also sometimes 
so named. (See p. 545.) Mandrake is an acro-narcotic poison, and was 
used by the ancients as an anaesthetic. The plant is called DeviTs-apple by 
the Arabs. Mandrake is considered to be the Dudaim of Scripture. 

Nicotiana . — The leaves of various species and varieties supply the 
different kinds of Tobacco, now in such general use in some form or other 
in nearly every part of the globe. Mr. Crawford estimated the total annual 
production of tobacco over the whole globe in 1851 at 2,000,000 tons, which, 
at the value of 2d. per pound, would amount to more than 37,000,000/. ster- 
ling. The consumption of tobacco in this country has enormously increased 
of late years, and is still increasing. Thus in the year 1841 the quantity of 
tobacco cleared for consumption in the United Kingdom amounted to 13| oz. 
per head of population, in the year 1851 the amount had increased to 
1 lb. 0£ oz. per head ; in the year 1801 to 1 lb. 3£ oz. ; in the year 1803 to 
1 lb. 4^ oz. ; and in the year 1805 to 1 lb. 5 oz. In 1874,45,253,303 lbs. of 
unmanufactured tobacco was retained for home consumption, and of manufac- 
tured cigars and snuff nearly 1,280,154 lbs., or nearly 1$ lbs. per head of the 
population, and the duty paid on this was nearly 7,500,000/. sterling. The 
total annual production of tobacco over the whole globe at the present time 
is probably not less than 3,000,000 tons. Tobacco owes its principal proper- 
ties to the presence of an alkaloid called nicotia , which is a most energetic 
poison. Tobacco has been employed in medicine as a local stimulant, and 
as a sedative, antispasmodie, emetic, laxative, and diuretic. The principal 
kinds of Tobacco are the American, Latakia, Cuba, and Havannah, from 
N. Tahacum ; the Shiraz or Persian, from A r . perttica ; the East Indian and 
Turkish, from N. rustica ; Cuba and Orinoko, from A r . latisxima. 

Scopolia japonica. — The root is used in Japan for similar purposes as 
that of Atropa Belladonna in Europe and America. Tt has been imported 
into this country under the name of Japanese Belladonna root, and described 
by Holmes. It is said to contain solania . 

Natural Order 154. Oleace;e. — T he Olive Order. — Cha- 
racter. — Trees or shrubs. Leaves opposite {fig. 433). Flowers 


Fig. 999. 



Fig. 998. Diagram of the flower of the Lilac ( Syringa vulgaru). Fig. 999. 

Elower of the Manna Ash, Fraxinm Omm , with 4-cleft calyx; corolla 

with 4 distinct petals ; 2 stamens ; and 2 carpels. Fig. 1000. Vertical 

section of the calyx and pistil of the Privet ( Ligustrum vulgare). 

R R 
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usually perfect or rarely unisexual. Calyx persistent, 4-cleft 
{fig. 998), sometimes obsolete {fig. 29), inferior {fig. 1000). Co- 
rolla regular, 4-cleft {fig. 998), or of 4 distinct petals {fig. 999), 
or absent {fig. 29) ; aestivation valvate {fig. 998). Stamens usu- 
ally 2 {figs. 29 and 999), rarely 4. Ovary superior {fig. 1000), 
2-celled {fig. 998), with 2 suspended ovules in each cell {fig. 
1000). Fruit dehiscent or indehiscent, often 1 -seeded. Seeds 
with abundant fleshy albumen ; embryo straight. 

Distribution , Examples , and Numbers. — The plants of this 
order are principally natives of temperate regions, but a few occur 
within the tropics. Examples of the Genera : — Olea, Ligustrum, 
Fraxinus, Syringa. There are about 150 species. 

Properties and Uses. — The barks of many plants of this order 
are tonic and febrifugal. The mild purgative called Manna is 
obtained from some species. The pericarp of the Common Olive 
yields the well-known Olive Oil. Other species are remarkable 
for the hardness of their wood. 

Fraxinus. — F. excelsior, the Common Ash, has a febrifugal bark. The 
leaves are reputed to possess cathartic properties. This plant alsoyiebls a small 
quantity of Manna, especially when grown in a warm climate. The wood 
possesses much strength and elasticity combined with lightness, hence it is 
commonly used for ladders, poles, and agricultural implements. The sweet 
concrete exudation known as Manna may be obtained by making incisions 
into the stems .of two or more species or varieties of Fraxinus , but com- 
mercially our supplies are entirely obtained from Fraxinus Ornus or Oruus 
europsea. This plant is official in the lJritish Pharmacopoeia, together with 
F. rotundifolia as the source of Manna, but the latter plant is only a form 
of Fraxinus Ornus with more rounded leaves, and cannot be regarded as a 
distinct species. These plants are natives of the South of Europe and 
Asia Minor, but commercially our supplies of Manna are now entirely de- 
rived from Sicily, where the trees are cultivated for that purpose. Manna 
is a mild agreeable laxative. It owes its properties to mannite. and a 
peculiar resin. — Fraxinus chinensis is the tree upon which the insect 
( Coccus Pe-la ) producing the White Wax of China feeds. 

Olea . — Olea europsea, the Olive. — The ripe fruit has a very fleshy peri- 
carp ; this yields by expression the fixed oil, known as Olive Oil, Salad Oil, 
and Sweet Oil, which is so largely used for dietetical purposes, in the arts, 
and in medicine. In medicine it is principally employed externally, either 
by itself, or in combination with other substances. When administered 
internally, it is nutrient, emollient, demulcent, and laxative. The olives 
used as a dessert are ordinarily prepared by first soaking the green unripe 
fruits in water to deprive them of a portion of their bitterness, and then 
preserving them in a solution of salt slightly aromatised. The leaves and 
bark of the Olive-tree have been highly extolled by some writers for their 
tonic and febrifugal qualities. The febrifugal properties of the hark are said to 
be due to a peculiar principle which has been named oliverin. The substance 
called olive gum or olivile is a resinous exudation from the Olive-tree. It was 
formerly employed in medicine, but at present is not applied to any useful 
purpose. The wood of the Olive is much used for cabinet-work. The flow ers 
of Olea fragramt are employed in China to give odour and flavour to a par- 
ticular kind of tea. 

Syringa vulgaris , the Lilac, has a tonic and febrifugal bark. 

Natural Order 155. Jasminace,e. — T he Jasmine Order. — 
Character. — Shrubs , often twining. Calyx persistent, inferior, 
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with 5 — 8 divisions. Corolla regular, 5 — 8-partite ; aestivation 
imbricate. Stamens 2, included. Ovary 2-lobed, 2-celled, with 
1 — 4 erect ovules in each cell. Fnrit capsular or baccate. Seeds 
with very little or no albumen ; embryo erect. 

Distribution , Examples, and Numbers. — Chiefly natives of the 
East Indies, but a few species are found in several other warm 
regions of the globe. Examples of the Genera: — Jasminum, 
Nyctanthes. There are about 100 species. 

Properties and Uses. — The flowers are generally fragrant. 
The volatile oil of jasmine, which is used in perfumery, is chiefly 
obtained by distillation from the flowers of J asminum officinale 
and J. grandiflmum . The fragrant flowers of J. Sambac are 
used as votive offerings in India ; they are also said to have 
much power in arresting the secretion of milk. The leaves and 
roots of some species of Jasminum are reputed bitter, and have 
been employed for various purposes, but generally speaking the 
order contains no active medicinal plants. The flowers of N yc- 
tanthes arbor-tristis are employed in India for dyeing yellow. 

Natural Order 156. Salvadorace.e. — T he Salvadora Order. 
— Character. — Shrubs or small trees. Leaves opposite, entire, 
leathery. Flowers small, panicled. Calyx of 4 sepals. Corolla 
4-partite, membranous. Stamens 4. Ovary 1-celled ; stigma 
sessile. Fruit fleshy, 1-celled, with a solitary erect seed. Seed 
exalbuminous. 

Distribution , Examples , and Numbers. — Natives of India, 
Syria, and North Africa. Examples of tlw Genera : — Salvadora, 
Monetia. 

Properties and Uses. — Some are acrid and stimulant. The 
only plant of importance is S(dvadora persica , which Dr. Royle 
has proved to be the Mustard-tree of Scripture. The fruit of 
this is edible, and resembles the garden Cress in taste. The bark 
of the root is acrid, and is employed as a blistering agent in 
India. The leaves are reputed to be purgative. 

Natural Order 157. Myrsinaceje. — T he Myrsine Order. — 
Character. — Trees or shrubby plants. Leaves coriaceous, 
smooth, exstipulate. Flowers small, perfect or unisexual. 
Calyx and corolla 4 — 5- partite. Stamxns usually corresponding 
in number to the divisions of the corolla and opposite to them, 
but sometimes there are also 5 sterile petaloid alternate ones ; 
anthers dehiscing longitudinally. Ovary superior or nearly so, 
1-celled ; with a free central placenta , in which the ovules are 
imbedded. Fruit fleshy. Seeds 1, 2, or many ; albumen abun- 
dant, horny. 

Distribution Examples , and Numbers. — Chiefly natives of the 
islands of the southern hemisphere. Examples of the Genera : — 
Myrsine, Theophrasta. There are above 300 species. 

Properties and Uses. — Of little importance. The fruits and 
seeds of some species are pungent. The fruit of Myrsine afri~ 
cana is used by the Abyssinians mixed with barley as food for 
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their asses and mules. The seeds of Theophrasta Jussixi are 
used in St. Domingo in the manufacture of a kind of bread. 

Natural Order 158. ^Egicerace.®. — The JEgiceras Order. 
— Diagnosis. — This order includes but one genus of plants. There 
are 5 species ; these inhabit sea-shores in tropical regions, and 
their seeds germinate while the fruits are still attached to the 
plant, and send their roots down into the mud, like Mangroves. 
The genus ACgiceras differs from Myrsinaceae in its anthers 
dehiscing transversely ; in having follicular fruit ; and in the 
seeds being without albumen. 

Natural Order 159. Primula ce^. — The Primrose Order. — 
Character. — Herbs. Leaves (fig. 389) simple, exstipulate. 
Flowers regular, perfect (figs. 476 and 1001). Calyx (figs. 453 
and 476) 4 — 5-cleft, persistent, inferior (fig. 1002) or partly 
superior. Corolla (figs. 476 and 1001, p ) 4 — 5-cleft, very rarely 
absent. Stamens ( fig. 1001, s) equal in number to the segments 

Fig. 1001. Fig. 1002. 


Fig. 1003. 


Fig. 1001. Flower of tbe Pimpernel ( AnagallU ). c. Calyx. 

p. Petals, s. Stamens. Fig. 1002. Vertical section of 

the flower, pi. Free central placenta, s. Style and 

capitate stigma. Fig. 1003. Vertical section of the 

seodof Primula elatior. t. Integuments, p. Albumen. 
e. Embryo, h. Hilum. 
a 

of the corolla, and opposite to them. Ovary superior (fig. 453) 
or rarely partly inferior, 1-celled (fig. 1002) ; placenta free cen- 
tral (fig. 630 and 1002) ; style 1 (figs. 453 and 1002) ; stigma 
capitate (figs. 576 and 1002). Fruit capsular (fig. 702), with 
transverse (fig. 702) or valvular dehiscence. Seeds (fig. 1003) 
numerous, with fleshy albumen ; embryo placed transversely to 
the hilum. 

Distribution , Examples , and Numbers. — These plants princi- 
pally inhabit cold and temperate regions in the northern parts 
of the globe. They are rare in the tropics, where they are only 
found on the sea-shore or in mountainous districts. Examples 
of the Genera : — Primula, Cyclamen, Samolus. There are about 
250 species. 

Properties and Uses . — Of no particular importance except 
for the beauty of their flowers. The flowers of the Cowshp 
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(Primula veris) are sedative and diaphoretic, and are sometimes 
employed in the manufacture of a soporific wine. The roots 
of Cyclamens are acrid, especially those of Cyclamen hede.rsefoliumy 
which have been used as a drastic purgative and emmenagogue. 
The Cyclamens are commonly known under the name of Sow- 
breads, from their being eaten by wild boars in Sicily. 

Natural Order 160. Plumbaginacele. — The Thrift Order. 
— Character. — Herbs or undershrubs. Leaves entire, exstipu- 
late. Flowers regular (Jig. 1004). Calyx tubular, plaited, per- 
sistent, 5-partite (jig. 1004). Corolla (Jig. 1004) membranous, 
5-partite or of 5 petals. Stamens (Jigs. 1004 and 1005) 5, 
opposite the petals, to which they are attached when the corolla 
is polypetalous, and hypogynous and opposite to the divisions 
of the corolla when this is monopetalous (Jig. 1004). Ovary 

Ft g. 1005. 



1-celled (Jigs. 632 and 1004) ; ovule solitary, suspended from a 
long cord arising from the base of the cell (Jig. 632) ; styles (Jig. 
1005) usually 5, sometimes 3 or 4. Fruit utricular, or dehiscing 
by valves at the apex. Seed solitary ; embryo straight ; albumen 
mealy, and small in quantity. 

Distribution , Examples , and Numbers. — Chiefly found growing 
on the sea-shore and in salt marshes in various parts of the globe, 
but by far the greater number inhabit temperate regions. Ex- 
amples of the Genera : — Statice, Armeria, Plumbago. There are 
about 250 speck s. 

Properties and Uses. — Of little importance, but acridity and 
astringency appear to be the most remarkable properties of the 
plants of this order. 

Armeria vulgaris , Common Thrift. — The dried flowers are commonly re- 
puted to be diuretic. 
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Plumbago . — The roots of several species are acrid and vesicant when 
fresh, as those of P. europsea , Tooth wort, P. zeylanica , P. scandem , and P. 
rosea. — P. toxicaria is used as a poison in Mozambique. 

Statice caroliniana is called Marsh Rosemary in the United States, where 
its root is official and is much employed as an active astringent. The root 
of 8. latifolia has similar astringent properties to S. caroliniana , and has 
been employed in Russia and Spain as a tanning agent. The roots of &. 
mucronata are said by Holmes to constitute the drug known in Morocco as 
Tafrifa , and which is supposed to possess nervine properties. The roots known 
under the names of ‘Baycuru ’ and ‘ Guaycuru,’ and described by Svmes and 
Holmes, are very astringent, and appear to be derived from species of Statice ; 
the latter, according to Holmes, from <5. brasiliensis. 


Natural Order 161. Plantaginace^e. — The Ribwort Order. 
— Character. — Herbs , generally without aerial stems (Jig. 
1006). Leaves commonly ribbed and radical (Jig. 1006). Flowers 


Fig. 1006. 



usually spiked (Jig. 408) and perfect (Jig. 1007), or rarely soli- 
tary, and sometimes unisexual. Calyx persistent, 4-partite, 
imbricate (Jig. 1007). Corolla dry and membranous, persistent, 
4-partite (Jig. 1007). Stamens equal in number to the divisions 
of the corolla, and alternate with them (Jig. 1007) ; Jilaments 
long and slender ; anthers versatile. Ovary simple, but spuriously 
2 or sometimes 4-celled from the prolongation of processes from 
the placenta ; style and stigma simple (Jig. 593). Capsule mem- 
branous, with transverse dehiscence ; placenta free central. Seeds 
1, 2, or more, with a mucilaginous testa ; embryo transverse, in 
fleshy albumen. 

Distribution , Examples , and Numbers. — They abound in cold 
or temperate climates, but are more or less diffused over the 
globe. Examples oj the Genera : — Littorella, Plantago, There 
are above 100 species. 

Properties and Uses.-^ Generally of little importance ; but some 
are demulcent, and others astringent. 
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Plantago. — The seeds of Plantago Ispaghula, P, amplexicaulis , P. cilinta , 
P . Psyllium , i*. Cynops, and others, are demulcent, and may be used 
in the preparation of mucilaginous demulcent drinks ; those of the first 
species are official in the Indian Pharmacopoeia, and are commonly known 
in India by the Persian name of Ispaghul, or as Spogel seeds. The three 
first species are natives of India, but the two latter are European. The 
leaves and roots of P, lanceolata and some other species are slightly bitter 
and astringent. 

Natural Order 162. Hydrophyllaceje. — T he Hydrophyllum 
Order. — Character. — Herbs , bushes , or small trees. Leaves 
usually hairy, lobed, and alternate. Flowers either solitary, 
stalked, and axillary ; or numerous and arranged in a scorpioidal 
manner. Calyx persistent, 5-partite. Corolla regular, 5-cleft. 
Stamens equal in number to, and alternate with, the segments of 
the corolla. Ovary simple, 1 — 2-celled, with 2 parietal placentas ; 
styles and stigmas 2 ; ovules 2 or many. Fruit capsular, 2-valved, 
2 or 1-celled, with a large placenta filling the cell. Seeds netted ; 
albumen hard, abundant. 

Distribution , Examples , and Numbers. — Chiefly natives of the 
northern and most southern parts of the American continent. 
Examples of the Genera: — Hydrophyllum, Nemophila, Eutoca. 
There are about 80 species. 

Properties and Uses. — Unimportant, except as showy garden 
plants. 

Eriodictyon californicvm > Benth., has a reputation among the Spaniards 
and Indians of California as a cure for consumption ; and is hence known 
os the Consumptive weed. It has been recommended in the United States 
as a remedy for pulmonary and bronchial affections. 

Natural Order 163. Boraginace^e. — T he Borage Order. — 

Character. — Herbs or shrubs , with more or less rounded 

Fig. 1008. Fig. 1009. 

1008. Vertical section 
of the fruit of Myosotis. 

Two achcenia are Been, 
and two have been re- 
moved. Fig. 1009. 

Diagram of the flower 
of the Comfrey (Sym- 
phytum officinale). 



stems. Leaiw (fig. 435) alternate, entire, usually rough. In- 
florescence scorpioid (figs. 435-437). Flowers regular, symme- 
trical (fig. 3009). Calyx (figs. 1008 and 3009) persistent, 
4 — 5-partite. Corolla (figs. 477 and 1009) regular or nearly 
so, 4— 5-partite, usually with scales in its throat (fig. 477, r ) ; 
aestivation imbricate. Stamens (fig. 1009) equal in number 
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to the lobes of the corolla and alternate with them. Ovary 
deeply 4-lobed (Jig. 605), with a solitary ovule in each lobe ; 
style 1 (Jig. 605), basilar ; stigma simple or bifid. Fruit con- 
sisting of from 2 — 4 distinct acheenia, placed at the bottom of 
the persistent calyx (Jigs. 696 and 1008). Seed* exalbuminous ; 
embryo straight, with a superior radicle. 

Distribution , Examples, and Numbers. — Chiefly natives of 
temperate regions in the northern hemisphere. Examples of the 
Genera : — Echium, Borago, Cynoglossum. There are nearly 
700 species. 

Properties and Uses. — The plants of this order are chiefly 
remarkable for their mucilaginous properties ; hence they are 
mostly harmless, and possess little value as medicinal agents. 
Some species have roots of a reddish colour, which renders them 
useful as dyeing agents. 

Anchusa ( Alknnna ) tinctoria , Alkanet, has a dark blood-red root ; this 
is chiefly employed to give colour to oils, &c., which are used in perfumery, 
and for dyeing woods and other purposes. 

Borago officinalis , Borage. — The root is mucilaginous and emollient. 
The herb imparts coolness to beverages in which it is steeped owing to its 
containing nitrate of potash. 

Echium. — The broken leaves, stems, and flowers of species of Echium 
are employed in India as an alterative, tonic, demulcent, und diuretic. 
They are sold in the Indian bazaars under the name of Gouzabam. 

Mertensia maritima is called the Oyster plant, lrom its leaves having 
the taste of oysters. 

Symphytum. — S. officinale , Comfrey, is reputed vulnerary. The young 
leaves and shoots are sometimes eaten as a vegetable. It is said to form a 
good substitute for spinach. The root contains much starch and mucilagi- 
nous matters, and when finely scraped and laid on calico to about the thick- 
ness of a crown piece, it forms an excellent bandage for broken limbs. 
— S. asperrimum has been recommended for cultivation in this country as 
food for pigs, &c. It has long been used as a forage plant in Circassia and 
in Russia. 

Natural Order 164. Ehretiace^e. — The Ehretia Order. — 
Diagnosis. — These plants resemble the Boraginacese in most 
of their characters, but they differ in having their carpels so 
completely united as to form a 2- or more celled ovary ; in 
their terminal style ; and drupaceous fruit. They are usually 
characterised also by the presence of a small quantity of albu- 
men in their seeds, but this is sometimes absent. By some 
authors the Ehretiacese are made a sub-order of the Boragi- 
naceee. 

Distribution, Examples, and Numbers. — Chiefly tropical 
plants. Examples of the Genera: — Ehretia, Heliotropium. 
There are about 300 species. 

Properties and Uses. — Unimportant. 

Ehretia. — Some species of Ehretia have edible fruits. The roots of 
Ehretia fmxifolia , when fresh, are employ ed in India by the native prac- 
titioners as an alterative. 
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Heliotr opium. — Some species have a delicious odour, as the Peruviun 
Heliotrope (Heliotropium peruvianum). — Heliotropium indkum is known in 
Liberia under the name of the 4 Erysipelas Plant/ from its common use, in 
the form of an infusion, as a fomentation to inflamed parts. 

Natural Order 165. Nolan aoe,e. — The Nolana Order. — 
Character. — Herb s or shmbs . Leaves alternate, exstipulate. 
Inflorescence straight. Calyx 5- partite, persistent, with a valvate 
aestivation. Corolla regular, with a plaited festivation. Stamens 
5, opposite to the lobes of the calyx. Ovary composed of from 
5—20 carpels, either distinct or more or less combined into 
several bundles ; style on a fleshy disk, simple ; stigma simple. 
Fruit composed of 5 or more separate or more or less combined 
achmnia, which are enclosed in the persistent calyx. Seed with 
a little albumen * embryo curved ; radicle inferior. 

Distribution , Examples , and Numbers. — Natives exclusively 
of South America, especially of Chili. Examples of the Genera : 
— Nolana, Alona. There are about 36 species. 

Froperties and Uses. — Unknown. 

Natural Order 166. Labiate. — The Labiate Order. — 
Character. — Herbs {fig. 388) or shrubby plants, with usually 
square stems. Leaves opposite {Jig. 388), commonly strong- 
scented, exstipulate. Flowers generally in axillary cymes, 
which are arranged in a somewhat whorled manner so as to 
form what are called verticillasters {fig. 388). Calyx persistent, 
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Fig. 1011. 



either tubular, 5- or 10-toothed, and regular, or irregular and 
bilabiate {fig. 457), with 3 — 10 divisions ; the odd tooth or 
division always posterior {fig. 1010). Coi'olla {figs. 479-482, 
1011 and 1012) usually more or less bilabiate, with the upper 
lip undivided {fig. 479) or bifid {figs. 480 and 481), and commonly 
more or less arched over the lower lip {fig. 479), or sometimes 
nearly suppressel {fig. 1011) ; the lower lip 3-lobed {fig. 1011), 
with the odd lobe anterior {fig. 1010) ; or rarely the corolla is 
nearly regular. Stamens usually 4, and then commonly didy- 
namous {figs. 482 and 1014), or very rarely of nearly equal length, 
or only 2 by abortion {fig. 1013) ; anthers 2- celled or 1-celled 
by abortion ; the filament or connective sometimes forked, each 
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branch then bearing a perfect cell, or the cell on one side obsolete 
or sterile (Jig. 512). Ovary deeply 4-lobed (Jigs. 604 and 1015), 
Beated on a fleshy disk, with 1 erect ovule in each lobe ; style 1, 
basilar (Jigs. 604 and 1015) ; stigma forked (Jig. 1015). Fruit 
composed of from 1 — 4 achsenia, enclosed by the persistent 
calyx. Seed erect, with little or no albumen ; embryo erect, with 
flat cotyledons. 

Diagnosis . — Herbs or shrubby plants, with opposite exstipu- 
late leaves. Flowers irregular, unsymmetrical. Calyx persis- 


Fig. 1012. 



Fig. 1014. 



Fig. 1015. 



Fig. 1013. 



Fig. 1012. Front view of 
the flower of Lamium. 
Fig. 1013. The co- 
rolla of the G-ardeu 
Sage (Salvia officinalis) 

cut open. Fig. 1014. 

The corolla of the 
Horohound ( Marru - 
bium vulgare) cut open. 

Fig. 1015. Lobed 

ovary, style, and stig- 
ma of the Garden Sage 
( Salvia officinalis). 


tent. Corolla usually more or less bilabiate. Stamens usually 
4 and then commonly didynamous, or rarely of equal length ; or 
only 2 by abortion. Ovary deeply 4-lobed ; style 1, basilar ; 
stigma bifid. Fruit consisting of from 1 — 4 achaenia, enclosed 
by the persistent calyx. Seed erect, with little or no albumen. 

Distribution , Examples , and Numbers . — Chiefly natives of 
temperate regions. Examples of the Genera : — Lavandula, Salvia, 
Rosmarinus, Origanum, Scutellaria, Lamium. There are nearly 
2,500 species. 

Properties and Uses . — The plants of this order are entirely free 
from any deleterious qualities. They abound in volatile oil, and 
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are therefore commonly aromatic, carminative, and stimulant. 
All labiate plants al*o contain more or less of a bitter extractive 
matter , and many of them possess an astringent principle, hence 
they are frequently tonic and stomachic. Several are used in 
perfumery on account of their agreeable odours ; and many are 
employed by the cook for flavouring, such as Thynms vulgaris 
(Garden Thyme), Thymus citriodorus (Lemon Thyme), Salvia 
officinalis (Sage), Origanum vulgarc (Marjoram), Majorana hor- 
tensis (Sweet Marjoram), Satnreia montana (Winter Savory), 
Satnreia hortensis (Summer Savory), &c. The fleshy under- 
ground stems of Stachys palustris and of a species of Ocymum 
are edible. 

Anisomelos \nalalxirica is in great repute in Southern India a9 a remedy 
in intermittent fevers, catarrhal affections, &c. 

Hedeoma pulegioides , American Pennyroyal, is much used in the United 
States (where the leaves and tops are official) as an emmenagogue, and also 
occasionally as a stimulant and carminative. 

Lavandula . — The flowers of L. vera , Common Lavender, yield by distilla- 
tion with water English Oil of Lavender, which is largely used in per- 
fumery, and also in medicine as a stimulant, stomachic, and carminative. 
The flowers and loaves are likewise occasionally employed as a sternutatory. 
The flowers of />. spica or latifolia , French Lavender, yield Oil of Spike or 
Foreign Oil of Lavender, which has a much less agreeable odour than the 
English Oil, and is not employed medicinally, but principally by painters 
and varnish-makers, and to adulterate English Oil of Lavender. — L. Stvechas 
also yields by distillation an essential oil, which is commonly distinguished 
as the True Oil of Spike. 

Marrubium vulgare, Common Ilorebound, is much employed as a domestic 
remedy in coughs, &c. The leaves and tops are official in the United States 
Pharmacopoeia. 

Melissa officinalis , Common Balm, possesses mild stimulant properties. 
It is used as a diaphoretic in fevers, as an exhilarating drink in nervous 
affections, and as an emmenagogue. 

Mentha, Mint. — Several species are employed in medicine, and as sweet 
herbs. The volatile oils of two species are official, namely, of M. viridis , 
Spearmint, and of M. piperita , Peppermint. — M. Pulegium , Pennyroyal, M. 
rotundifolia, M. aquatica , M. arvensis , and others, have similar properties. 
The stearoptene called Chinese Oil of Peppermint is said to be derived from M. 
arvensis , var. javanica, but Holmes thinks it is obtained from M. canadensis. 
It has been also referred to M. austriaca. All the species are aromatic, 
stimulant, and carminative. 

Micromeria theasinensis is used in France as a substitute for China Tea. 

Monarda. — M. punctata , Horsemint, is used medicinally in the United 
States, where the leaves and tops are official. In its properties it resembles 
the ordinary mints, but it is more stimulating. — M. jistulosa is said to be 
febrifugal. The leaves of M. didyma and M. purpurea are used in North 
America as tea under the name of Oswego Tea. The flowers of M. didyma 
are said to contain the same colouring principle as cochineal, and may be 
used for the preparation of a kind of carmine. 

Nepeta Cataria , Catmint. — The leaves and tops are official in the 
United States Pharmacopoeia, and resemble the ordinary Mints in their 
properties. 

Ocymum. — O. album is used in India as Tea, which is known as Toolsie 
Tea. — O. sanctum, O. Basilicum , and other species, are reputed throughout 
India to possess stimulant, diaphoretic, and expectorant properties. 

Origanum. — O.-vu/gare, Common or Wild Marjoram, has similar pro- 
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pertiee to the other labiate plants. The herb is official in the United States 
pharmacopoeia. The dried leaves have been employed as a substitute for 
China Tea. Hanbury first proved that the red volatile oil commonly sold in 
the shops as Oleum Origani or Oil of Thyme, is obtained by distillation from 
Thymus vulgaris. This oil is imported from the South of France. The herb 
of 0. Majorana ( Majorana hortensis ), Sweet Marjoram, possesses similar 
properties, and was formerly official in this country. Several species of 
Origanum are used by the cook for flavouring, as 0. vulga/e , Common Mar- 
joram, O. Majorana or Majorana hortensis , Sweet Marjoram, &c. 

Pogosiemon Patchouli, Pucha-Pat or Patchouly. — This plant is a native 
of Silhet and the Malayan Peninsula. The dried tops aie imported and 
yield by distillation a strong-scented volatile oil, called Oil of Patchouli, 
which has been much employed in perfumery. The coarsely powdered herb 
is also used for making sachets. 

Posniarinus officinalis , Common Rosemary. — The flowering tops contain 
a volatile oil, which imparts to them stimulant and carminative properties. 
This oil is official iu the British and Indian Pharmacopoeias. Rosemary is 
however chiefly used in perfumery, and by the hairdresser. The flavour of 
Narbonne honey is said to be due to the bees feeding on the flowers of this 
plant. The dried leaves are sometimes used as a substitute for China Tea. 

Salvia officinalis , Common or Garden Sage. — The leaves were formerly 
much employed as tea. They are official in the United States Pharma- 
copoeia. An infusion of Sage is frequently used in the United States as a 
gargle in common sore-throat and when the uvula is relaxed. It is also 
stimulant, carminative, and anti-emetic. Sage is also employed by the 
cook as a flavouring agent, &c. 

Satvreia Juliana, called in Sicily erva de ihhisi , is much used a remedy in 
intermittent fevers. — S. hortensis , Summer Savory, and S.montana , Winter 
Savory, are in common use by the cook for flavouring. 

Thymus vulgaris , Common or Garden Thyme, yields by distillation the 
volatile oil known as Oil of Tin me, which is official in the United States 
Pharmacopoeia ; it is a powerful local stimulant. It is chiefly used in 
veterinary practice. It is also emphn ed for scenting soaps. (See Origanum .) 
The solid crystalline substance obtained from oil of thyme, and known as 
thymol , has been recommended as a disinfectant in place of carbolic acid. 
This and other species of Thymus are also employed by the cook as flavour- 
ing agents, &c. (See Properties and Uses, p. CIO.) 

Tricho8temma lanaium. — A decoction of the leaves of this plant, called 
by the Mexicans 1 iomew, is used to impart a black colour to the hair, and 
to promote its growth. 


Natural Order 167. Veiibenace^e. — T he Vervain Order. 
— Character. — Herbs, shrubs , or trees. Leaves opposite or 
F T alternate, exstipulate. Calyx (Jig. 409) persis- 

IO * * tent, tubular. Corolla irregular (jig. 409), usu- 
^ ally more or less 2-lipped. Stamens 4, usually 

didynamous, or rarely equal ; sometimes there 
j are but 2 stamens ; anthers 2-celled. Ovcvry (Jig. 

11 1016) 2- or 4-celled ; style 1, terminal (Jig. 1016); 

i|j% stigma simple or bifid. Fruit dry or drupaceous, 
HH composed of from 2 — 4 carpels, which when ripe 
usually separate into as many 1-seeded achsenia. 
Fig. 1016. Pistil Seed erect or ascending, with little or no albu- 
fverhma)™^ men, an< ^ an inferior radicle. 

Diagnosis. — Known at once from the Labiatse 
by their more united carpels and terminal style. 
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Distribution , Examples , and Numbers. — They are found both 
in temperate and tropical regions. Examples of the Genera: — 
Verbena, Lantana, Tectona, Glerodendron. There are above 6G0 
species. 

Properties and Uses. — Many of the plants are slightly aro- 
matic and bitter, but there are no important medicinal plants 
included in this order. Some are valuable timber trees ; other 
species have fleshy fruits, which are edible ; and the leaves of a 
few are used as substitutes for China Tea. Many are cultivated 
in our gardens for the beauty of their flowers and for their 
fragrance, as the different species and varieties of Verbena , the 
Aioysia or Lippia citriodora , the Sweet Verbena or Lemon- 
plant, &c. 

Clerodendron. — The leaves of C. infort unatum, an Indian species, possess 
tonic and an Aperiodic properties. 

Gmelina parvifolia and G. asiatica have demulcent properties. 

Lantana pseudo-thea is used in the Brazils as tea, under the name of 
Capitdn da mattn. Some species of Lantana have edible fruits. 

Premna — The inner bark of P. taitensis which is known under the name 
of ‘ aro ’ at Vanua Levu, is said to be one of the constituents of the remedy 
now used with .success under the name of ‘Tonga ’ in certain forms of neu- 
ralgia, &c. (See also Rhaph idopho ra.) 

Stachytarpha jamaiccnsh is leputed to be purgative, emmenagogue, and 
anthelmintic. It is used medicinally in Liberia in the form of tea to pro- 
duce abortion, and is there known under the name of ‘ Abortive Plant,’ its 
leaves are sometimes employed in Austria as a substitute for, or to adul- 
terate, China Tea ; this is known under the name of Brazilian Tea. 

Tectona grandui, Indian Teak-tree or Indian (Oak, is the source of the 
very hard and durable wood known as East Indian Teak, which is much 
employed in ship-building, &c. 

Vitex. — Several species of this genus have acrid fruits, as those of V . tri- 
folia, , Wild Pepper, V. Negvndo , and V. Agnuscastus. The fresh leaves of 
the two former species are in great repute in India for their discutient 
properties. They are also regarded as anodyne, diuretic, and emmena- 
gogue. 

Natural Order 169. Myoporace®. — T he Myopora Order. — 
Diagnosis. — This order is sometimes regarded as a sub-order of 
the Verbenaceae, from which it can be scarcely separated. It 
only differs essentially from that order in having pendulous 
seeds, and a superior radicle. 

Distribution , Examples , and Numbers. — Chiefly natives of the 
southern hemisphere. Examples of the Genera : — Myoporum, 
Avicennia. There are about 40 species. 

Properties and Uses . — Unimportant. The bark of Avicennia 
tomentosa , White Mangrove, and other species, is much used 
in Brazil for tan ling. 

Natural Order 169. Selaginace®. — T he Selago Order. — 
Character. — Herbs or slvrubs , with alternate exstipulate leaves. 
Flowers irregulai, unsymmetrical, sessile, bracteated. Calyx 
persistent, usually monosepalous with a definite number of divi- 
sions, or rarely consisting of two distinct sepals. Corolla tubular, 
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5-partite. Stamens 4, or rarely 2 ; anthers 1-celled. Ovary 
superior ; style 1, filiform ; ovule solitary, pendulous. Fruit 
2-celled, with 1 solitary pendulous seed in each cell. Seed with 
a little fleshy albumen ; embryo with a superior radicle. In 
Globularia there is but one carpel. 

Distribution, Examples, and Numbers. — Chiefly natives of the 
Cape of Good Hope. The species of Globularia are, however, 
European plants. Examples of the Genera : — Selago, Globularia. 
There are about 120 species. 

Properties and Uses. — Of little importance. 

Globularia. — The Globularias are purgative and emetic. The leaves of 
Globularia Alypum form the Wild Senna of Germany. In small doses they 
act as a tonic, and in full doses as a safe, mild, and efficient purgatix e. They 
have been sometimes employed for the adulteration of the official Senna ; and 
also, it is said, in the process of tanning. They contain both tannic and 
gallic acids. 

Natural Order 170. Pedaliaoe.®. — T he Pedalium Order. — 
Character. — Glandular herbs. Leaves entire, without stipules. 
Flowers axillary, usually large and irregular. Calyx 5-partite. 
Corolla bilabiate. Stamens didynamous with the rudiment of a 
fifth, included ; anthers 2-celled. Ovary on a fleshy or glandular 
disk, 1-celled, with 2 parietal placentas ; sometimes spuriously 
4 — 6-celled ; style 1 ; stigma divided. Fruit bony or capsular. 
Seeds wingless, without albumen ; embryo with large cotyledons, 
and a short radicle. 

Distribution, Examples, aud Numbers. — Chiefly tropical plants. 
Examples of the Genera : — Pedalium, Sesamum. There are about 
25 species. 

, Properties and Uses. — Chiefly remarkable for their oily seeds. 

Pedalium Murex. — An infusion of the fresh leaves and stems has been 
emj Joyed with success in India in dysuria and gonorrhoea. 

Sesamum indievm . — The seeds yield by expression a fixed oil which is 
largely used in India, Japan, France, & c., where it is regarded as an efficient 
substitute for Olive Oil. It is also employed in the West Indies; and in Egypt 
and Ceylon it is used for cleansing and beautifying the skin and hair. It 
is also ‘-aid to be employed to adulterate Almond Oil. The Oil is known 
as Benne, Sesam£, Til, Teel, Gingili, or Gingelly Oil. This oil is also 
obtained from <S. orienlale , and both this plant and that of $. indicum are 
official in the Indian Pharmacopoeia, ns its botanical source. Sesam£ seeds 
are also largely used as food in India and Tropical Africa. The leaves of 
both plants are likewise official in the Pharmacopoeia of India, and are em- 
ployed in the form of an infusion, as a demulcent. In the United States they 
are also sometimes used in the form of a poultice. 

Natural Order 171. Gesneraceas. — T he Gesnera Order. — 
Character. — Herbs or soft-wooded shrubs. Leaves wrinkled, 
exstipulate, generally opposite or whorled. Flowers irregular, 
showy. Calyx half superior, 5-partite. Corolla 5-lobed. Stamens 
diandrous or didynamous with the rudiment of a fifth ; anthers 
2-celled, frequently united. Ovary half-superior, 1-celled, sur- 
rounded by an annular fleshy disk or by glands ; style 1. Fruit 
capsular or succulent, 1-celled, with 2-lobed parietal placentas. 
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Seeds numerous, with or without albumen ; embryo with minute 
cotyledons, and a long radicle. 

Division of the Order and Examples of the Genera . — The order 
has been divided into two sub-orders as follows 

Sub-order 1. Gesnerm.— Fruit partially adherent to the calyx. 

Seeds with a little albumen. Examples : — Gesnera, Gloxinia. 
Sub-order 2. Cyrtandreae. — Fruit not adherent to the calyx. 

Seeds exalbuminous. Examples : — iEschynanthus, Cyrtandra. 

Distribution and Numbers. — Chiefly natives of warm or 
tropical regions. The Gesnerese are all American ; the Cyrtaudreae 
are more scattered. There are about 300 species. 

Properties and Uses.— Of little importance except for the 
beauty of their flowers, which are common objects of cultivation 
in this country. Some Gcsnereae have edible fruits. 

Natural Order 172. Crescentiaoe^e. — T he Crescentia or 
Calabash Tree Order. — Character. — Small trees. Leaves 
simple, alternate or clustered, exstipulate. Flowers irregular, 
growing out of old branches or stems. Calyx free, entire at 
first, afterwards splitting irregularly. Corolla somewhat bila- 
biate. Stamens 4, didynamous, with a rudimentary fifth ; anthers 
2-celled. Ovary surrounded by an annular disk, 1-celled ; 
placentas 2 — 4, parietal ; style 1. Fruit indehiscent, woody. 
Seeds large, numerous, enveloped in pulp, without albumen ; 
cotyledons large, amygdaloid ; radicle short. 

Distribution , Examples , and Numbers. — Natives exclusively 
of tropical regions. Examples of the Genera : — Crescentia, Par- 
mentiera. There are about 3fi species. 

PropeHies and Uses. — Unimportant. 

Creacentia. — The subacid pulp of the fruit of Crescentia Cujete , the 
Calabash Tree, is eaten by the negroes in America, and its hard pericarp is 
used for bottles, forming floats, &c. 

Parmentiera. — The fruit of Parmentiera edvlis under the name of 
Quandhscilote is eaten by the Mexicans, and that of P. eerifera is likewise 
greedily devoured by cattle in Panama. The latter resembles a candle in 
shape, and hence the tree bearing it is named the Candle-tree. 

Natural Order 173. Bignoniace^e. — The Bignonia or Trum- 
pet -flower Order. — Character.— Trees or shrubs , which are 
often twining or climbing, or rarely herbs. Leaves exstipulate, 
usually opposite. Inflorescence terminal. Flowers irregular. 
Cal ijx entire or divided. Corolla 4 — 5-lobed. Stamens 2 or 4 ; 
anthers 2-celled. Ovary seated in a disk, 2 — 4-celled ; placentas 
axile; style 1. Fruit 2-valved, capsular, 2— 4-celled. Seeds 
numerous, sessi'e, large, winged ; albumen none; embryo with 
large leafy cotyledons. 

Distribution , Examples, and Numbers. — Chiefly tropical 
plants. Examples of the Genera : — Bignonia, Tecoma, Jaca- 
randa. There are above 450 species. 

Properties and Uses. — The chief interest of the plants in this 
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order lies in their beautiful flowers, although some are used medi- 
cinally and in other ways. 

Bignonia. — From the leaves of Bignnnia Ckica the Indians of South 
America obtain a red dye called Chica or Carajuru, which is used for paint- 
ing their bodies and arrows, and for other purposes. This Chica must not 
be confounded with Chica or Maize Beer (see Zea Mays), and other Chicas, 
which are common drinks of the Indians in South America. An oil is ob- 
tained in India from the wood of Bignnnia xylncaipa . It is reputed to be a 
valuable external application in cutaneous diseases. 

Tecoma — Some species of Tacoma have astringent properties. The wood 
of several plants of the order is used in Brazil. 

Jacaranda. — The bark of Jacaranda bahamensis is employed as an anthel- 
mintic in Panama. 

Sparattosperma. — The leaves of Spavattosperma Leucantha, a Brazilian 
species, have powerful diuretic properties. 

Natural Order 174. Acanthace,®. — T he Acanthus Order. — 
Character. — Herbs or shrubs. Leaves opposite, simple, ex- 
stipulate. Flowers irregular, bracteated. Calyx 4 — 5-partite, 
or consisting of 4 — 5 sepals, persistent, much imbricated ; some- 
times obsolete. Corolla more or less 2-lipped. Stamens 2 or 
4, in the latter case didynamous. Ovary seated in a disk, 2- 
celled ; placentas parietal, although extended to the axis ; style 
1. Fruit capsular, 2-celled, with 1, 2, or many seeds in each 
cell. Seeds hanging by hard cup-shaped or hooked projections 
of the placenta, without wings ; albumen none ; cotyledons large 
and fleshy ; radicle inferior. 

Distribution , Examples , and Numbers. — Chiefly tropical. Ex- 
amples of the Genera: — Thunbergia, Ruellia, Acanthus, Justicia. 
There are nearly 1,500 species. 

Properties and Uses. — Generally unimportant ; but several 
species are mucilaginous and bitter. 

Androqraphis. — The dried stalks and root of Andrographis paniculata 
are official in the Pharmacopoeia of India. They are known under the 
name of kariydt or c^eyat, and are held in high esteem in India for their 
bitter tonic and stomachic properties. 

Buellia. — From Ruellia indigotica a blue dve is obtained in China. 

Acanthus. — The species of Acanthus havelobed and sinuated leaves, and 
are said to have furnished the model of the Corinthian capital. 

Natural Order 175. Scrophulariaceas.— The Figwort Order. 
— Character. — Herbs or rarely shrubby plants , with generally 
opposite leaves ; sometimes parasitical on roots. Diflorescence 
axillary. Flowers (figs. 1017 and 1018) anisomerous, irregular. 
Calyx (fig. 1018) persistent (fig. 7(3), 4 — 5-partite. Corolla 
more (figs. 483 and 484) or less (figs. 487 and 488) irregular, 
4 — 5-partite ; aestivation imbricate (fig. 1018). Stamens 2 (fig. 
1017) or 4, in the latter case didynamous (fig. 554), rarely 5 or 
with a rudimentary fifth ; anthers introrse. Ovary usually 2-celled 
(fig. 1018), its component carpels being placed anterior and 
posterior ; style 1 (figs. 621 and 1017). Fruit usually capsular 
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( fig. 703) or rarely baccate, usually 2-celled ; placentas axile. 
Seeds generally numerous, albuminous ; embryo straight or 
slightly curved. (The above definition of the Scrophulariaceaj 
is in accordance with the views of Miers.) 

Diagnosis . — Herbs or rarely shrubs. Flowers anisomerous. 
Inflorescence axillary. Calyx and corolla with 4 or 5 divisions. 
Corolla more or less irregular, aestivation imbricate. Stamens 2, 
or 4 and then didynamous, or rarely 5 ; anthers introrse. Ovary 
usually 2-celled, the cells placed anterior and posterior ; style 1. 


Fig. 1018. 



Fig. 1017. Flower of the common Speedwell (Veronica). Fig. 1018. Dia- 

gram of the flower of the Snapdragon (Antirrhinum majus), with one 
bract below. 


Fruit capsular or baccate. Seeds generally numerous, albu- 
minous. 

Distribution , Examples , and Numbers . — The plants of this or- 
der are found in all parts of the globe. Examples of the Genera : — 
Calceolaria, Verbascum, Antirrhinum, Scrophularia, Veronica, 
Rhinanthus. As above defined, there are about 1,700 species. 

Properties a nd Uses . — The plants of this order must be re- 
garded with suspicion as some are powerful poisons. Many 
are bitter, others astringent, some purgative, emetic, or diuretic, 
and a few possess narcotic properties. A great many species are 
cultivated in our gardens, Ac., on account of the beauty of their 
flowers. 

Capraria bifolia is used in Central America as lea. 

Digitalis pw'purea. Foxglove. — This is by far the most important medi- 
cinal plant in the order. The roots, leaves, and seeds are the most activs 
parts, but the dried leaves only, are now official in the British Pharma- 
copoeia. Foxglove is largely used as a diuretic in dropsies, and as a seda- 
tive of the circulation in diseases of the heart, &c. In improper doses it is a 
deadly poison. It owes its activity essentially to the presence of a power- 
fully poisonous bitter principle, called Digitalin ; but which in proper doses is 
a valuable medicine, and is official in the British Pharmacopoeia. Digitalin 
is reputed to be a powerful anaphrodisiac. Other species of Digitalis have 
similar properties to those of D. purpurea, but they are not so active as it. 
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Gratiola officinalis , Hedge Hyssop, was formerly official in our pharma- 
copoeias. It possesses purgative, emetic, and diuretic properties, and in 
large doses is said to be an acrid poison. 

Leptandra (Veronica ) virginica. — The root or rhizome is official in the 
United States Pharmacopoeia. When fresh it acts violently as a cathartic. 
The dried root, and resin ( leptandrin ) obtained from it, are regarded as 
excellent cholagogues, and are used largely in the United States as 
aubstitutes for mercurials. 

Lyperia crocera. — The flowers of this plant, which is a native of South 
Africa, have been imported into this country from time to time, under the 
name of African Saffron. The}' closely resemble true saffron in smell and 
taste ; and have similar medicinal properties. They are also employed for 
dyeing ; they yield a fine orange colour. 

Scrophularia. — The fresh leaves of $. nodosa are sometimes used in the 
form of an ointment or fomentation, as an application in skin diseases and 
to indolent tumours, &c. The leaves and roots of this species and of 
aqnatica are purgative and emetic, and are supposed to be slightly narcotic. 

Verbascnm. — The leaves of V. Thapsus, Great Mullein, have emollient, 
demulcent, and slightly narcotic properties. Its seeds ana those of V. nigrum 
are said to be employed by poachers to stupefy fish in order that they may 
be readily taken. 

Veronica — The leaves of V. officinalis have been used in this country, and 
on the Continent, as a substitute for China Tea, hence the plant is ’some- 
times called The de V Europe. They have also been considered diaphoretic, 
diuretic, expectorant, tonic, &c., and were employed formerly in pectoral, 
nephritic, and other complaints. 

Natural Order 176. OROBAffCHACE.E. — The Broom-rape 
Order. — Character. — Herbs of a more or less fleshy charac- 
ter growing parasitically on the roots of other plants. Stems 
scaly, but without any green leaves. Calyx persistent, toothed. 
Corolla irregular, persistent ; aestivation imbricate. Stamens 4, 
didynamous ; anthers 1 — 2-cel led. Ovary 1-celled ; its compo- 
nent carpels being placed right and left of the axis ; placentas 
2 — 4, parietal ; style 1. Fruit a capsule. Seeds very numerous, 
minute, with fleshy albumen and a very small embryo. 

Distribution , Examples , and Numbers. — Principally natives 
of Europe, Northern Asia, North America, and the Cape of Good 
Hope. Examples of the Genera: — Epipliegus, Orobanche, 
Lathreea. There are about 1 20 species. 

Properties and Uses. — The presence of an astringent prin- 
ciple is the most marked property of the plants of this order, 
but they are altogether unimportant in a medicinal point of 
view. 

Epiphegus . — The root of Epiphegns virginiana is called Cancer- root, from 
its having been formerly used as an application to cancers. It formed an 
ingredient in the once ctlebrated North American nostrum, called Martin’s 
Cancer Powder. 

Natural Order 177. Lentibulariace^e. — T he Butterwort 
Order. — Character. — Herbs , growing in water, marshes, or 
wet places. Leaves radical, entire or divided into thread-like 
filaments bearing little pouches or air receptacles. Flowers irre- 
gular. Calyx persistent, bilabiate. Corolla personate, spurred. 
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Stamens 2, included ; anthers 1-celled. Ovary 1-celled ; style 1, 
short ; stigma bilabiate ; placenta free central. Fruit a capsule, 
1-celled. Seeds minute, numerous, without albumen ; embryo 
minute, with the cotyledons much smaller than the radicle. 

Distribution , Examples, and Numbers. — Natives of all parts 
of the globe, but more particularly of tropical regions. Examples 
of the Genera: — Utricularia, Pinguicula. There are about 180 
species. 

Properties and Uses . — Of little importance. The leaves of 
Pinguicula and of Utricularia have the property of dissolving 
and absorbing insects, and other animal matters. 

Pinguicula. — Pinguicula vulgaris is termed Batter wort, from the property 
its leaves are said to possess of coagulating milk. 


Artificial Analysis of the Natural Orders in the Sub-class 
Corolliflorm. Modified from Lindley. 

*„* A few orders belonging to the other Sub-classes, the flowers of which 
are sometimes monopetalous, are also included in this analysis. 

(The numbers refer to the Orders.) 

1. Epigynce. 

A. Carpel solitary. 

a. Anthers united. 

Ovule solitary, pendulous .... Calyccracete. 127. 

Ovule solitary, erect Composite. ] 28. 

b. Anthers distinct. 

Fruit with 1 perfect cell, and 2 rudimentary ones. 

Seed exalbuminous Valerianaceae. 125. 

Fruit 1-cellod, and without any rudimentary 

one. Seed albuminous .... lJipsacaceae. 126. 

B. Carpels more than one. 
a. Anthers united. 

Leaves alternate Lobeliaceae. 130. 

h. Anthers distinct. 

1. Stamen 8 2. 

Filaments not united to the style . . Col u mediae ete. 124. 

Filaments united to the style . . . Stylidiacem . 132. 

2. Stamens more than 2. 

Anthers opening by pores .... Vacciniacese. 133. 
Anthers opening longitudinally. 

Stigma with an indusium . . . . Goodeniaceee. 131 

Stigma without an indusium. 

Leaves without stipules. 

Stamens definite. 

Leaves alternate. Corolla persistent Campanulaceee . 1 29. 

Leaves opposite. Stem round . Caprifoliaceae. 122. 
Leaves verticillate. Stem square . Rubiaceae. 123. 
Stamens numerous .... Belvisiaeeee. 110. 
Leaves with stipules. 

Stipules interpetiolar. Flowers herma- 
phrodite Rubiaceae. 123. 

Stipules cirrhose. Flowers unisexual Cucurbitaceae. 99. 

6 s 2 
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2. Hypostamineae. 

A. Carpel solitary. 

Stigma indusiate, Leaves radical, entire . Brunoniaceae . 184. 

B. Carpels more than one. 

a. Anthers opening by pores. 

Herbs. Seeds with a loose-winged testa . Pyrolaceae. 137. 
Shrubs. Seeds without wings. Authers 
2-celled Ericaceae. 135. 

b. Anthers opening longitudinally. 

1. Anthers l-celled ...... Epacridacese. 138. 

2. Anthers 2-celled. 

Plants with dotted leaves .... Butacese. 59. 
Parasitic brown scaly plants . . . Monotropaceae. 136. 

3. E pi petal*. 

A. Flowers regular. 

a. Ovary lobed. 

Inflorescence scorpioidal. ^Estivation of corolla 

imbricate Boraginaceee. 163. 

Inflorescence straight. Corolla with a valvate 
aestivation. Leaves cxstipulate . . . Nolanaceae. 165. 

b. Ovary not lobed. 

1. Carpels more than three , distinct or combined. 

Stamens equal in number to the petals and 
opposite them. 

Stem herbaceous. Style 1. Fruit a cap- 
sule ....... Primulaceae. 159. 

Stem woody. Style 1. Fruit fleshy, inde- 

hiscent Myrsinaceae. 157. 

Stem herbaceous or woody. Styles 5, 

(rarely 3 or 4). Fruit mem bran o us . Plumbaginacese. 160. 

Stamens not opposite the petals if of the same 
number. 

Carpels distiuct. 

Seeds numerous Crassulacese. 89. 

Seeds few . i . . .’ . Anonaceee. 4. 

Carpels combined. Ovary 2 or more celled. 

Ovules erect or ascending. 

^Estivation of the corolla plaited. 

Fruit dry Convolvulaceae. 150. 

JEstivation of the corolla imbricate. 

Fruit fleshy Sapotaceae. 141. 

Ovules pendulous or suspended, or rarely 
partly ascending. 

Stamens twice or four times as many 
as the lobes of the corolla, distinct . Ebenaceae. 139. 
Stamens equal in number to the lobes 
of the corolla. Filaments distinct. 

Anthers adnate .... Aquifoliaceae. 140. 

Stamens equal in number to the lobes 
of the corolla. Filaments distinct. 

Anthers versatile .... Cordiacese. 149. 

Some of the ovules occasionally as- 
cending. Filaments more or less 
cohering . . . . . ■ . Styracacex. 142. 
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2. Carpels three , combined so as to form a 3- 
celled ovary. 

Stem herbaceous. Disk hypogynous . Polemoniaceae. 152. 
Stem woody. No disk .... Diapensiacese. 145. 

8. Carpels two , combined or more or less dis- 
tinct. 

Stamens 2. 

Corolla 4-cleft ..... Oleaceee. 154. 

Corolla more than 4-cleft . . . Ja^minaceae. 155. 

Stamens 4 or more. Inflorescence scor- 
pioidal. 

Fruit a capsule, 1-celled or imperfectly 

2-celled Hydrophyllaceae . 102. 

Fruit drupaceous. 2 or more celled . Ehretiaceae. 104. 
Stamens 4 or more. Inflorescence straight. 

Leafless plants. Parasitical . . . Cuscutaceae. 151. 

Leafy plants. 

Leaves alternate. 

Calyx in a broken whorl . . . Convolvulaceae. 150. 

Calyx in a complete whorl. 

Anthers united to the stigma . . Aschpiadacese. 148. 

Anthers free from the stigma. 

Placentas parietal . . . Gentianaceae. 147. 

Placentas axile. 

Estivation of corolla valvnte, 
induplicate- valvate, or im- 
bricate Solanaceae. 153. 

Leaves opposite, whorled, or clustered. 

Anthers united to the stigma • . Asclepiadaceae. 148. 

Anthers free from the stigma. 

Leaves with stipules . . . Loganiacese. 1 41. 

Leaves without stipules. 

Stigma shaped like an hour-glass. 

Estivation of corolla contorted Apocynacene. 143. 
Stigma not contracted in the 

middle like an hour-glass. 

Estivation of corolla imbricate. 

Placentas parietal . . Gentianaceae. 147. 

Estivation of corolla valvate. 

Placentas axile . . . Stilbaceae. 146. 

4. Carpel solitary. 

Stamens opposite the lobes or petals of the 

corolla Plumbaginaceae. ICO. 

Stamens alternate to the lobes of the corolla. 

Fruit 1-celled. Stigma sessile . . . Salvadoraceae. 156. 

Fruit spuriously 2-celled or rarely 4-celled. 

Style capillary Plantaginaceae. 161. 

B. Flowers irregular. 

a. Ovary Globed Lahiatae. 166. 

b. Ovary not lobed. 

1. Carpel solitar y Selaginaceee. 169. 

2. Carpels two. 

Fruit hard or nut-like. 

Anthers 1-celled Selaginaceae. 169 

Anthers 2-celled. Ovules erect. 

Corolla imbricate in aestivation . . Verbenaceae. 167. 

Corolla valvate in aestivation . . Stilbaceae. 146. 

Anthers 2-celled. Ovules pendulous . Myoporacese. 168,' 
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Fruit capsular or succulent. 

Placentas parietal. 

Leafless scaly brown root parasites 

Leafy plants. Seeds with wings . 

Leafy plants. Seeds without wings. 
Fruit a capsule or baccate. Cotyledons 
minute, radicle long 
Fruit bony or a capsule. Cotyledons 
large, radicle short .... 
Fruit woody with a pulpy interior. 
Cotyledons large, radicle short 
Placentas axile. 

Seeds without wings. 

Albuminous 

Exalbuminous. Seeds attached to 
hard placental processes . 

Seeds winged. Exalbuminous 
Placentas free central .... 


OrobanchacesB, 176. 
Bignoniactee. 173. 

Gesneraceee. 171. 
Pedaliacete. 170. 
Crescentiacese. 172. 


Scrophulariacese. 175. 

Acanthacete. 174. 
Bignoniactee. 173. 
Lentibulariacese. 177. 


There are certain exceptions to the characters above given 
of the Corollifione and its sub-divisions. Thus among the 
Epigynae, we sometimes find polypetalous corollas in (htpri- 
foliacex and Lobeliaceae , and hence in these respects such plants 
would properly belong to the Calycifl ore. The ovary is sometimes 
superior in Goodeniaceae , thus resembling the Epipetale of the 
sub-class Corolliflore, instead of the Epigyme to which they 
usually belong and under which they are here placed. In the 
Hypostaminere, polypetalous species are more or less found in 
Ericaceae, Monotropaceae , Pyrolacese , and Epacridaceae, which are 
therefore in such cases Thalamifloral. In Epacridaceae , also, the 
stamens sometimes adhere to the corolla, in the same way as is 
the case with them in the Epipetalae of the Corolliflore. 

Among the Epipetaloe we occasionally find plants with 
polypetalous corollas, as in Styracaceae, Okaceae, Primulacese , 
Myrainaceac, and Piumbaguaicede. The stamens are also some- 
times hypogynous in Ebenaceae, Primulaceae , and Plumbagimccw, 
and hence such plants resemble the Thalamiflorae if the petals 
are distinct, or if united, the Hypostaminee of the Corollifione. 

Again, among the Epipetalae we occasionally find the ovary 
inferior, or partly so, as in Ebenaceae , Styracaceae, Myrrinaceae, 
PrimMlaceae, and always in Gesneraceae , and hence such plants 
belong to the Epigynse of the Corolliflore, or to the Epigyme 
of the Calyciflore, accordingly as their petals are united or 
distinct. 

In Oieoceae and Primulaceae , apetalous species sometimes 
occur, under which circumstances the plants resemble the Mono- 
chlamydee or Incomplete, 

Unisexual species are occasionally found in Valerianoceae, 
Compositae, Ebenaceae] Aquifoliacex , Myrzinacese, and Flantagi- 
nacex. 
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Sub-class IV. Monochlamydcx or Incomplete. 

This sub- class is sometimes arranged in two sub-divisions, 
which are called, respectively, the Angiospermia and Gymno- 
spermia ; but the plants of the latter group present such striking 
differences in their characters from those of the other Dicoty- 
ledones, that they are now generally placed in a division by 
themselves, as is the case in this volume. 

Natural Order 178. Polygonaoe/K. — The Buckwheat Order. 
— C haracter. — Hei'bs or rarely sh rubs. Leaves alternate, com- 
monly with oclireate stipules (Jig. 20) or rarely exstipulate. 
Flowers perfect (Jig. 1019) or sometimes unisexual. Calyx* free 
(Jig. 1019), more or less persistent, imbricate. Stamens (Jig. 

Fig. 1020. 


Fig. 1019. Flower of a 
species of Polygo- 
num. Fig. 1020. 

Pistil of a species of 
liunux. 



Fig. 1019. 



1019) hypogynous or perigynous ; anthers dehiscing longitudi- 
nally. Ovary superior (Jig. 1019), 1-celled ; styles and stigmas 2 
— 3 (Jigs. 1019 and 1020) ; ovule solitary, orthotropous (Jig. 731). 
Fruit usually a triangular nut. Seed solitary, erect ; embryo 
(fig- 770) generally with farinaceous albumen, inverted, with a 
superior radicle. 

Diagnosis. — Usually herbs with ochreate stipules Leaves 
alternate. Calyx inferior, persistent, imbricate. Stamens defi- 
nite. Ovary 1-celled. Fruit triangular. Seed solitary, erect, 
usually with mealy albumen. 

Ihstribution , Examples , and Numbers. — Generally diffused 
Over the globe, and more particularly so in temperate regions. 
Examples of the Genera: — Rheum, Polygonum, Coccoloba, 
Rumex. There are about 500 species. 

Properties and Uses. — Chiefly remarkable for the presence of 
acid, astringent, and purgative properties. The acidulous cha- 
racter is principally due to the presence of oxalic acid. The 
fruits and roots of several species are more or less nutritious. 

* When there is but one flornl envelope in Dicotyledonous plants, wo 
call that the calyx , whatever be its colour or other peculiarity, in which 
nomenclature we follow the example of Lindley. By many botanists, however, 
the term perianth is employed in such cases, but we use that name only in 
speaking of Monocot} ledonous plants. (See page 210.) 
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Coccoloba uvifera , Seaside Grape. — From the leaves, wo^d, and bark of 
this species a very astringent extract is obtained, which i9 commonly known 
as Jamaica Kino. The fruit is pleasantly acid and edible. 

Fayopyrum. — The fruits of F. esculentum , Common Buckwheat or Saracen 
Corn, of F. talaricum , and other species, are used as a substitute for corn in 
the northern parts of Asia and Eastern Europe, and also in Brittany and 
other parts of the world. The former species is cultivated in Britain as food 
for pheasants. This plant when in flower produces an effect on many animals, 
resembling intoxication, and a case has been reported within the last few 
years in which many lambs were in this way stupefied and ultimately 
killed by it. 

Po'ygonum . — The rhizome of F. Bistorta , commonly called Bistort root, 
is a powerful astringent, which property is due essentially to the pre- 
sence of tannic acid. Starch is also one of its constituents, hence it pos- 
sesses, to some extent, nutritive properties, and is sometimes eaten when 
roasted in Siberia. The young shoots and leaves have been used from an 
early period in the North of England as a pot-herb under the name of Pas- 
sions, probably from the plant being in perfection for such a purpose about 
Eastertide. The roots of P. viviparum are also used as food by the Esqui- 
maux. The leaves of P. Hydropiper are very acrid, hence the common name 
of Water-pepper which is given to this plant. This species also yields a 
yellow dye. From P. tinctorium a blue dve resembling indigo is obtained 
in France, &c. The Chinese produce a folue dye from several species of 
Polygonum. 

Rheum , Rhubarb. — The species of this genus usually possess more or 
less purgative and astringent properties; this is especially the case with 
their roots, and hence these are largely used in medicine. Various species 
of Rhubarb are indigenous or cultivated in different parts of the world, but 
until recently the botanical source of our official rhubarb was unknown, 
and cannot even now be said to have been absolutely determined. It seems, 
however, most probable that whilst the plant described by Baillon, under 
the name of llheum officinale , may yield some of it, that the source of the 
best official rhubarb, namely, that which formerly came to us by way of 
Kiachta, and commonly known as Russian Rhubarb, is derived from R. pal- 
matum , a plant which is a native of Tangut, in Kansu, the extreme north- 
western province of China. In this province rhubarb is principally obtained 
from wild plants, but also to some extent from cultivated ones. Rhubarb from 
this species is also obtained from the Chinese provinces of Szechuen and Shensi. 
The rhubarb thus derived from R. palmatum is chiefly exported by way of 
Shanghai, but also to a small extent from other ports, as Tientsin, Canton, 
Amoy, and Foochow. The kind known as Indian or Himalayan Rhubarb 
is the produce of several species, but more especially of R. Moorcroftianum y 
R. australe , and R. Emodi. English Rhubarb is chiefly derived from R. 
Rhaponticum , and is now extensively employed in the hospitals of this 
country, and in America, but it is not so active as the official rhubarb, 
although probably equally efficacious when given in sufficient doses. Some 
English rhubarb is also obtained from R. officinal, which is now also cul- 
tivated in this country. The petioles of R. Kibes are employed in the East 
for the preparation of sherbet. The petioles of R . Rhaponticum aud other 
species are used for tarts and puddings. Their acidulous character is 
principally due to the presence of oxalic acid. The roots of the species 
of Rheum contain abundance of calcium oxalate crystals (conglomerate 
raphides). (See page 31.) 

Rumex. — Several species possess acid properties owing to the presence of 
oxalic acid, especially R . acetosa, common Sorrel, R. Acetosella , R. scutatus , 
and R. Patientia. 'f'hey have been employed as pot-herbs, and for salads. — 
R. acetosa is sometimes used medicinally for its refrigerant, diuretic, and 
antiscorbutic properties. In times of scarcity it has been employed in 
Scandinavia as a substitute for bread. The root of R. Hydrolapathum y Great 
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Water Dock, is astringent and antiscorbutic. The roots of R. alpinus are 
purgative, and were formerly employed instead of Rhubarb under the name 
of Monk’s Rhubarb. 

Natural Order 179. Nyctaginacb^e. — T he Marvel of Peru 
Order. — Character. — Herbs, shrubs , or trees , with the steins 
usually tumid at the joints. Leaves generally opposite. Flowers 
with an involucre. Calyx tubular or funnel-shaped, often co- 
loured, plaited in aestivation, contracted towards the middle, its 
base persistent and ultimately becoming indurated and forming 
a spurious pericarp. Stamens 1 or many, hypogynous. Ovary 
superior, 1 -celled ; ovule solitary ; style 1 ; stigma 1. Fruit 
a utricle, enclosed by the hardened persistent base of the calyx. 
Seed solitary ; embryo coiled round mealy albumen (Jig. 771), 
with foliaceous cotyledons, and an inferior radicle. 

Distribution , Examples , and Numbers. — Natives exclusively 
of warm regions. Examples of the Genera:— Mirabilis, Pisonia. 
There are about 100 species. 

Properties and Uses. — Chiefly remarkable for the presence of 
a purgative property in their roots ; which is especially the case 
with those of Mirabilis Jalapa and M. longiflora. M. dicho- 
toma is commonly known under the name of the Four o’clock 
plant, from opening its flowers in the afternoon. Boerhaaoia 
diffusa is said to possess expectorant properties. 

Natural Order 180. Amaranthacejs. — T he Amaranth 
Order. — C haracter. — Herbs or shrubs. Leaves simple, exstipu- 
late, opposite or alternate. Flowers crowded, spiked or capitate, 
bracteated, perfect or occasionally unisexual. Calyx of 3 — 5 
sepals, dry and scarious, inferior, persistent, often coloured. 
Stamens 5, hypogynous and opposite to the sepals, or a multiple 
of that number ; anthers 2- or 1-celled. Ovary free, 1-celled, 
with 1 or more ovules ; style 1 or none ; stigma simple or com- 
pound. Fruit a utricle, caryopsis, or baccate. Seeds 1 or more, 
pendulous ; embryo curved round mealy albumen ; radicle next 
the hilum. 

Distribution, Examples, and Numbers. — The plants of this 
order are most abundant in tropical regions ; and are altogether 
unknown in the coldest climates. Examples of the Genera : — 
Celosia, Amaranthus. There are nearly 500 species. 

Properties and Uses. — Unimportant. Amaranthus spinosus and 
other Indian species possess mucilaginous properties. Another 
Indian species, Achyranthes aspera , is also reputed to be astrin- 
gent and diuretic. Gomphrena officinalis and G. macrocephala 
are used in Brazil in intermittent fevers, diarrhoea, and some 
other diseases. Some of the species have bright-coloured persis- 
tent flowers, and are hence cultivated in our gardens, as Amaran- 
thus caudatns, Love-lies-bleeding, Amaranthus hypochondriacus , 
Prince’s-feathers, Celosia cristata , Cockscomb, and others. 

Natural Order 181. Chenopodiace,e. — T he Goosefoot or 

Spinach Order. — Character. — Herbs or underskrubs . Leaves 
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exstipulate, usually alternate, rarely opposite. Flowers minute, 
greenish, without bracts, perfect, polygamous, or diclinous. 
Calyx persistent (fig. 691), usually divided nearly to the base 
(fig. 28), imbricate. Stamens equal in number to the lobes of 
the calyx and opposite to them (fig. 28), or rarely fewer, hypo- 
gynous or inserted into the base of the lobes ; anthers 2-celled. 
Ovary superior (fig. 28) or partly inferior, 1-celled, with a single 
ovule attached to its base ; style (fig. 28) usually in 2 — 4 divi- 
sions, rarely simple. Fruit usually an achsenium or utricle 
(fig. 691), or sometimes baccate. Seed solitary ; embryo with 
or without albumen ; radicle towards the hilum. 

Diagnosis. — They are chiefly distinguished from the Nycta- 
ginaceee by their habit and non-bracteated flowers. 

Distribution , Examples , and Numbers. — More or less distri- 
buted over the globe, but most abundant in extra-tropical 
regions. Examples of the Genera: — Salicornia, Atriplex, Spi- 
nacia, Beta, Chenopodium, Salsola. There above 500 species. 

Properties and Uses. — Several plants of this order inhabit 
salt-marshes, and yield by combustion an ash called barilla , from 
which carbonate of soda was formerly principally obtained, but 
its use for this purpose has much fallen off of late years, in con- 
sequence of that substance being more readily extracted from 
other sources. The plants which thus yield barilla principally 
belong to the genera Salsola , Salicornia , Chenopodium , and 
A triplex. Many plants of the order are esculent, as Beet and 
Mangold- Wurzel ; and some are used as pot-herbs, as Spinach 
or Spinage (Spinacia oleracea), Garden Orache or Mountain 
Spinach (Atriplex hortensis ), and English Mercury (Chenopo- 
dium Bonus- Henricus). The seeds of others are nutritious ; and 
several contain volatile oil, which renders them anthelmintic, 
antispasm odic, aromatic, carminative, or stimulant. 

Beta. — The root of Beta vulgaris, the Common Beet, is used as a salad, 
and as a vegetable. It is largely cultivated on the Continent and elsewhere 
as a source of sugar. Two varieties of the Beet are commonly grown for 
sugar ; namely, that which is known under the name of Betterave a Sucre , 
and the Wliit-e or Silesian Beet ( Beta Cicla ) ; the latter beini, r the most 
esteemed. In 18G8 about 8,000,000 tons of Beet-root were grown, yielding 
about 050,000 tons of sugar. Attempts have been made of late years to 
grow Beet in this country, and there can be no doubt but that there are 
many districts in which it might be cultivated with success. The grated 
root or sugar cake, and the molasses, which are refuse substances obtained 
in the manufacture of beet sugar, are also useful ; the former for feeding 
cattle, and the latter, when mixed with water slightly acidulated with 
sulphuric acid, and submitted to fermentation, yields from 24 to 30 per cent, 
of spirit, which is said to be used to adulterate brandy like potato spirit. 
A variety of the Common Beet {Beta vulgaris macrorhiza) is the Mangold- 
Wurzel, so much employed as a food for cattle.— -B. maritima is sometimes 
used as a substitute for spinach or greens. The petioles and midribs of the 
leaves of the large White or Swiss Chard Beet form the favourite vege- 
table of the French termed Poiree a Carde ; it is eaten like Sea Kale or 
Asparagus. 

Chenopodium. — The seeds of C. Quinoa contain starch granules, which 
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are remarkable for being the smallest hitherto noticed. These seeds are 
known under the name of petty rice, and are common articles of food in 
Peru. — C. Bonus- Henricus , as already mentioned, may be used as a pot-herb. 
The fruits of C. anthehninticum , under the name of Worm-seed, are largely 
employed in the United States for their anthelmintic properties. They also 
possess to some extent antispasmodic qualities. The herb generally has 
similar properties. These effects are due to the presence of a highly odorous 
volatile oil. Both the oil and fruits are official in the United States Pharma- 
copoeia. — C. ambrosioides and C. Botrys are reputed to possess somewhat 
similar properties, but they are not so powerful. C. ambrosioides is also 
employed in Mexico and Columbia as Tea, winch is hence known as Mexi- 
can Tea. — C. Vulvaria or olidum , Stinking Goosefoot, is an indigenous 
plant. It is a popular emmenagogue and antispasmodic. 

Natural Order 182. Basellacejk. — T he Baaella Order. — 
Diagnosis. — This is a small order of climbing herbs or shrubs 
closely allied to Chenopodiaceee, but readily distinguished by 
its plants having a coloured calyx with two rows of sepals, and 
by their stamens being evidently perigynous. There are about 
12 species, all of which are tropical plants. 

Properties and Uses. — Basella rubra and B. alba are used in 
the East Indies as a substitute for Spinach. From the former 
species a purple dye may be also obtained. The fleshy roots of 
U Hue vs tuberosvs or Melloca tuberosa are largely used in Peru 
and some of the adjoining countries as a substitute for the 
Potato. 

Natural Order 183. Scleranthace.®. — T he Sclerantlius 
Order. — Diagnosis , &c. — This is a small order of inconspicuous 
herbs, frequently considered as a sub-order of Paronychiaceas, 
from which its plants are distinguished by the want of stipules ; 
by being apetalous ; by the tube of their calyx becoming har- 
dened and covering the fruit, which is solitary and 1-celled ; and 
by their stamens being evidently perigynous. They are value- 
less weeds found in barren places in the temperate regions of 
the globe. There are about 14 species, of which two species 
belonging to the genus Sderanthus are natives of Britain. Their 
uses are unknown. 

Natural Order 184. Phytolaccace^:. — T he Phytolacca 
Order. — Character. — Herbs or undershrubs. Leaves alter- 
nate, entire, exstipulate. Flowers perfect, racemose. Calyx 
4 — 5-partite. Stamens nearly or quite hypogynous, either equal 
in number to the divisions of the calyx and alternate with them, 
or more numerous ; atnthers 2-celled. Ovary superior, composed 
of 2 or more carpels, distinct or more or less combined in a 
circle ; styles an 1 stigmas distinct, equal in number to the carpels. 
Fruit dry or succulent, each carpel of which it is composed con- 
taining 1 ascending seed ; embryo curved round mealy albumen ; 
radicle next the liilum. 

Distribution , Examples , and Numbers. — Natives principally of 
America, India, and Africa. Examples of the Genera : — Giesekia, 
Phytolacca. There are about 80 species. 
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Properties and Uses. — An acrid principle is more or less dif- 
fused throughout the plants of this order ; but this is frequently- 
destroyed by boiling in water. Some are emetic and purgative. 

Giesekia pharnaceoides — The fresh plant of this Indian species is reputed 
to be a powerful anthelmintic in cases of taenia. 

Phytolacca. — The roots and fruits of P. decandra, Poke or Pocan, are 
employed in the United States for their emetic and purgative properties. 
They are also reputed to be somewhat narcotic. The ripe fruits have been 
used in chronic rheumatism and in syphilitic affections. A neutral 
crystallisable principle, named phytolaccin, has been obtained from the 
seeds. Its young shoots boiled in water are eaten in the United States as 
Asparagus ; those of P. acinosa are also similarly eaten in the Himalayas. 
A species of Phytolacca, which has been named P. electrica , a native of 
Nicaragua, is said to give a sensible shock as from a galvanic battery, to 
any person attempting to gather a branch. It is aloO stated that the needle 
of the compass is affected by proximity to it. 

Natural Order 185. Surianacea:. — T his name is given to 
an order of which there is but one known species ; this is com- 
mon on the sea-coast in the tropics. The order is supposed to 
be allied to Phytolaccaceoe, which it closely resembles in the 
structure of its ovary ; but it is at once distinguished by the 
possession of petals, and by the stamens being opposite to the 
sepals. It is now frequently referred to the Simarubacem. Its 
uses are unknown. 

Natural Order 186. Petiveria ce,e. — T he Petiveria Order. 
— Diagnosis, &c. This is another small order of plants, which is 
placed by some botanists as a sub-order of the Phytolaccacese, 
with which it agrees in many particulars. It is distinguished 
from that order by having stipulate leaves, an ovary formed of 
a single carpel, exalbuminous seeds, and a straight embryo with 
convolute cotyledons. These plants are natives of tropical 
America. There are about 12 species in this order. 

Properties and Uses . — Most of the species are acrid, and some 
have a strong alliaceous odour. 

Petiveria. — Petiveria alliacea , Guinea-hen Weed, is reputed to be sudorific 
and emmenagogue, and its roots are used in the West Indies as a remedy 
for toothache. It is also commonly put into warm baths, which are used 
to restore the action of paralysed limbs. 

Natural Order 187- Gyrostemonea:. — The Gyrostemon 
Order. — Diagnosis , &c. — This is another small order of plants, na- 
tives of South-western Australia, which is sometimes considered 
to be allied to Phytolaccaceee, and has been even associated 
with it. It is distinguished from that order by having unisexual 
flowers, by the carpels being arranged round a columella, by 
having 2 suspended seeds in each carpel, and a hooked embryo. 
They have no known uses. 

This and the three preceding orders require further investi- 
gation before their affinities can be well ascertained. 
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Natural Order 188. Piperace.e. — The Pepper Order. — 
Character . — Herbs or shrubs with jointed stems. Flowers 
spiked, perfect, achlamydeous, bracteated. Stamens 2 or more ; 
anthers 1 — 2-celled. Ovary simple, 1-celled, with one erect 
orthotropous ovule ; stigma sessile. Fruit more or less fleshy, 
1-celled, 1-seeded. Seed erect ; embryo in a distinct fleshy sac at 
the apex of the seed, and on the outside of abundant albumen. 

Distribution , Examples , and Numbers . — Natives exclusively 
of tropical regions, especially in America and the islands of the 
Indian Archipelago. Examples of the Genera: — Cubeba, Piper, 
Artanthe. There are above 600 species. 

Properties arid Uses . — The plants of this order are chiefly 
remarkable for acrid, pungent, aromatic, and stimulant pro- 
perties. These qualities are principally found in their fruits, 
and are essentially due to the presence of an acrid volatile oil 
and resin. Some are narcotic, and others are reputed to be 
astringent and febrifugal. 


Artanthe. — The dried leaves of A. elongata ( Piper angusti folium) consti- 
tute our official Matieo. Matico has been recommended as a topical 
application for arresting haemorrhage from wounds, &c. It has been also 
employed internally as a styptic, but its effects, thus administered, are very 
feeble* Its action appears to be more especially mechanical, like lint, felt, 
&c. In Peru Matico is employed for the same affections as Cubebs. It 
should be noticed that the name Matico is applied by the inhabitants of 
Quito, &c. to Eupatorium glutinosum (see Eupatorium). Other plants are 
also similarly designated in different parts of South America. The dried 
fruits of A. 'adunca ( Piper aduncum ), and other species, are used in America 
as pepper ; and its leaves, as first noticed by the author, are sometimes sub- 
stituted in this country for those of A. elongata. The fruits of A. crocata 
are employed for dyeing yellow. 

Cubeba. — The dried unripe fruits of Cubeba officinalis or Piper Cubeba 
constitute our official Cubebs. Cubebs are the produce of Java and the 
adjoining islands. They are extensively employed in affections of the 
genito-urinary organs, upon which they are generally supposed to have a 
specific effect. In the East they are used as a stomachic. Their properties 
depend principally upon two resins, but also to some extent to the presence 
of a volatile oil. * They are frequently distinguished by the name of Tail 
Pepper, from the dried fruits having a short stalk attached to them. The 
dried unripe fruits of Cubeba Clusii ( Piper C/usii ), African Cubebs or Black 
Pepper of Western Africa, are employed by the negroes of Sierra Leone, tkc. 
as a condiment, and aLo in medicine. Their effects in genito-urinary 
affections do not appear to resemble those of the official Cubebs. According 
to Stenhouse they contain Piperin , and not the peculiar alkaloid of Cubebs, 
which has been termed Cubebin. 

Piper. — P . nigrum, Black Pepper. — The dried unripe fruits of this plant 
constitute the Black Pepper of the shops, and that which is official in the 
British Pharmacopoeia. White Pepper is the same fruit in a ripened 
state divested of its external pulpy covering. The former is the more acrid 
and pungent, as these properties are lost to some extent in the process of 
ripening. Both kinds are extensively used as condiments, and medicinally as 
stimulants and correctives. They are also r garded as somewhat febrifugal. 
They contain an acrid resin and volatile oil, to which their acrid, pungent, 
aromatic, and stimulant properties are essentially due; and Piperin , which 
possesses to some extent febrifugal properties. — P. methysticum or Piper 
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trioicum, and probably other species, also produce pood pepper. The dried 
unripe spikes of fruit known in commerce as Long Pepper are chiefly im- 
ported from Singapore and Calcutta, and are the produce of Piper officinarum 
or Chavica officinarum, and Piper longum or Chavica Boxbnrghiu Long Pepper 
contains an acrid resin, a volatile oil, and the crystalline alkaloid called 
Piperin. It resembles Black Pepper in its effects, and is used in similar cases. 
It is chiefly employed for culinary purposes. Dried slices of the root are in 
great repute among the natives o^ India under the name of Peepla Mool , as a 
stomachic. The leaves of P. Betle , Betel Pepper, and P. Siriboa are chewed 
by the Malays and other Eastern races, mixed with slices of the Betel Nut 
( Areca Catechu ), and a little lime. Betel as thus prepared is considered to 
impart an ornamental red hue to the lips and mouth, and an agreeable 
odour to the breath, and is also supposed to possess stimulant and narcotic 
properties, and to be a preservative against dysentery. (See Areca.) — P. 
Jaborandi is one of the plants yielding a kind of Jabcrandi. (See Pilo- 
carpus.) 

Macropiper methysticum. — The large rhizome of this plant is known in 
the South sea Islands under the name of Ava, where it is largely used in 
the preparation of an intoxicating and narcotic liquor, called Ava or Cava. 
It is also employed medicinally in chronic rheumatism, erysipelatous erup- 
tions, and venereal affections. It has been lately tried successfully in France 
as a remedy in gonorrhoea. 

Natural Order 180. Chloranthace,®. — T he Chloranthus 
Order. — Ch aracter. — Herbs or i tnder shrubs with jointed stems, 
which are tumid at the nodes. Leaves simple, opposite, sheath- 
ing, with small interpetiolar stipules. Flowers spiked, achlamy- 
deous, with scaly bracts , perfect or unisexual. Stamens 1, or 
more and united. Ovary 1 -celled, with a solitary pendulous 
ovule. Fruit drupaceous. Seed pendulous, with a minute em- 
bryo (not enclosed in a distinct sac), at the apex of fleshy albu- 
men ; radicle inferior. 

Distribution , Examples , and Numbers. — Natives of tropical 
regions. Exarrqiles of the Genera : — Hedyosmum, Chloranthus. 
There are about 15 species. 

Properties and Uses. — Aromatic stimulant properties are the 
principal characteristics of the plants of this order. 

Chloranthus. — The roots of C. officinalis and C. brachystachys have been 
employed in Java as a stimulant in malignant fevers, and for their 
antispasmodic effects. The flowers of C. inconspicuus are used in China to 
perfume tea. (See Thea.) 

Natural Order 190. Saururace^e. — T he Saururus Order. — 
Character. — Marshy herbs. Leaves e ntire, alternate, stipulate. 
Flowers spiked, achlamydeous, perfect. Stamens 3 — 6, hypo- 
gynous, persistent. Ovanes 3—4, usually more or less distinct, 
or sometimes united, with a few ascending ovules. Fruit either 
consisting of 4 fleshy indehiscent achsenia, or capsular and 3 — 
4-celled. Seeds ascending, with a minute embryo in a fleshy sac 
on the outside of hard mealy albumen. 

Distribution , Examples, and Numbers . — Natives of North 
America, Northern India, and China. Examples of the Genera : 
-—Saururus, Houttuynia. There are about 7 species. 
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Properties and Uses. — They have acrid properties, and are 
reputed to be emmenagogue. Some are also astringent. 

Anemopsis californica> is known in California as * Yerba Mansa,’ and an 
infusion of its roots and the external application of these in powder are re- 
garded as very valuable remedies in venereal s^rcs. The powder is very- 
astringent and is also used as an application generally to cuts and sores. 

Saurui'us cernuvs , a native of North Ameiiea, is said to be a valuable 
remedy in inflammatory affections of the genito-urinary organs, and also 
externally as a soothing disoutient cataplasm. 

Natural Order 191. Podostemace^e. — T he Podostemon or 
River-weed Order. — Character. — Aquatic herbs with the 
aspect of Mosses or Liverworts. Leaves minute or finely 
divided. Flowers minute, usually perfect, spathaceous. achla- 
mydeous, or with an imperfect calyx, or with 3 sepals. Stamens 
lor many, hypogynous ; anthers 2-celled. Ovary superior, 2 — 3- 
celled ; stigmas 2 — 3 ; ovnles ascending, numerous. Fruit cap- 
sular, ribbed, with parietal or axile placentation. Seeds nume- 
rous, exalbuminous, with a straight embryo. 

Distribution , Examples , and Numbers. — Principally natives 
of South America. Examples of the Genera : — Hydrostachys, 
Podostemon. There are about 100 species. 

' Properties and Uses. — Unimportant. Some species of Lacis 
are used for food on the Rio Negro, &c., in South America; 
and other plants of the order are eaten by cattle and fish. 

Natural Order 192 .— Thymelaoeas.— T he Mezereon Order. 
— Character. — Shrubs or very rarely herbs. Leaves entire, 
exstipulate. Flowers perfect (fig. 1021) or rarely unisexual. 
Calyx inferior (fig. 1021), coloured, tubular, 4 — 5-lobed ; aesti- 
vation imbricate. Stamens perigynous (fig. 3021), twice as 
many as the divisions of the calyx, or equal in number to 
them, or fewer, in the two latter cases they are opposite to 
the lobes of the calyx ; anthers 2-celled, 
bursting longitudinally. Ovary superior (fig. Fig. 1021. 
1021), simple, 1-celled, with a solitary sus- 
pended ovule (fig. 725). Fruit dry and nut- 
like, or drupaceous. Seed suspended ; albu- 
men none or but small in quantity; embryo 
straight, with a superior radicle. 

Distribution Examples, and Numbers . — 

They are found more or less abundantly in all 
parts of the world, but especially in Australia 
and the Cape of Good Hope. Examples of the 
Genera : — Daphne, Pimelea, Lagetta. There are 
about 300 species. 

Properties and Uses. — The plants of this Fig. } 021 • Vertical 
order are chiefly remarkable for the toughness ^ 0 ™^° species 0 of 
and acridity of their bark. The fruit of Dirca Daphne, 
palustris is narcotic, and that of the plants 
generally of the order poisonous or suspicious ; but the seeds of 
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Inoccvrpus ednlis are said to resemble Chestnuts in flavour when 
roasted. Several species of Daphne, Pimelea, and other genera, 
are handsome shrubby plants. 

Daphne .' — The dried bark of D. Mezereum, Mezereon, and D. Laureola, 
Spurge Laurel, is official in the British Pharmacopoeia. Both the root-bark 
and stem-bark are official, but the former is generally regarded as the mo-t 
powerful. Mezereon bark, as it is commonly called, may be used as a vesi- 
catory, and also as a masticatory in toothache. It is however principally 
employed as a stimuant diaphoretic, alterative, and diuretic. It owes its 
properties to an acrid resin and an acrid volatile oil. The fruit is also very 
acrid and poisonous. The bark of D. Gnidium , Spurge Flax, is likewise 
official in the Pans Codex, and is sometimes substituted in this country for our 
official bark, but it is not so active. The inner bark of D. cannahina and 
other species is used in some parts of the world for making paper, &c. 

Edgewnrthia papyrifera. — The bark is used in Japan for the manufacture 
of paper money. 

I.agetta lintearia , Lace-Bark Tree. — The bark possesses, in some degree, 
similar properties to that of Mezereon. When macerated, it mav be separated 
into lamina?, the number of which depends upon the age of the specimen ; 
these have a beautiful lace-like appearance, hence its common name of lace 
hark. It possesses great strength, and may be used for making ropes, &c. 
It was at one time employ ed in the West Indies for making the slave whips. 
Sloane state*, that caps, ruffles, and even whole suits of ladies’ clothes, have 
been made from it. Lagetta cloth has been imported into Liverpool under 
the name of guana. 

Passerina Ganpi. — The bark is used in Japan for the manufacture of 
paper. 

Natural Order 193. Aquilariace^e. — T he Aquilaria Order. 
— Character. — Trees with entire exstipulate leaves. Calyx 
tubular or top-shaped, 4— 5-lobed, imbricate, persistent. Sta- 
mens perigynous, 10, 8, or 5, opposite the lobes of the calyx 
when equal to them in number ; anthers 2-eelled, opening longi- 
tudinally. Ovary superior, 2-celled ; ovules 2, suspended. 
Fruit usually 2-valved, capsular, sometimes succulent and 
indehiscent. Seeds usually 2, or rarely 1 by abortion ; exalbu- 
minous. 

Distribution , Examples , and Numbers. — Natives exclusively 
of tropical Asia. Examples of the Genera : — Aquilaria, Leucosmia. 
There are about 10 species. 

Properties and Uses. — Some species yield a fragrant stimulant 
resin. 

Aquilaria. — The substance called Lign- Aloes, Agallochum, Aloes-wood , or 
Eagle-wood, is said to be the Ahalim and Ahaloth of the Old Testament, and 
the Aloe or Aloes of the New. It is obtained from Aquilaria ( Aleoxylon ) 
Agallochum , and probably also from A. ovata. It was formerly held in high 
repute as a medicinal agent in Europe, but its use is now obsolete. It is 
said to be useful as a cordial, and as a remedy for gout and rheumatism. 

Natural Order 194. Ei^eagnaceae. — T he Oleaster Order. — 
Character.— Trees or shrubs , with entire exstipulate usually 
scurfy (fig. 149) leaves. Flowers mostly dioecious or rarely perfect. 
Male flowers amentaceous, bracteated. Sepals 2—4, distinct or 
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united. Stamens definite, perigynous. Female flowers with an 
inferior tubular calyx, and a fleshy disk ; aestivation imbricate. 
Ovary superior, 1-celled, with a solitary ascending ovule. Fruit 
enclosed in the succulent calyx, indehiscent. Seed solitary, as- 
cending, with thin albumen ; embryo straight, with an inferior 
radicle. 

Distribution, Examples, and Numbers. — They are generally 
diffused throughout the northern hemisphere, and rare in the 
southern. Examples of the Genera: — Hippophae, Elmagnus. 
There are about 30 species. 

Properties and Uses. — Unimportant. The fruits of Elaeagnvs 
orientalis are esteemed in Persia under the name of zinzeyd ; and 
those of E. arborea, E. cojferta, and others, are eaten in certain 
parts of India. Those also of Hippophae rhamn aides , the Sea- 
Buckthorn, which is a native of England, are also edible, and 
have been employed in the preparation of a sauce for fish, but 
their use requires caution from containing a narcotic principle. 

Natural Order 105. Pkoteack^r — T he Protea Order. — 
Character. — Shrubs or small trees. Leaves hard, dry, exsti 
pulate. Flowers perfect. V ahjx inferior, 4-partite or of 4 sepals ; 
aestivation valvate. Stamens perigynous, equal in number to the 
partitions of the calyx and opposite to them ; anthers bursting 
longitudinally. Ovary simple, superior, 1-celled, with 1 or more 
ovules, ascending. Fruit dehiscent or indehiscent. Seeds exal- 
buminous ; embryo straight, radicle inferior. 

Distribution, Examples, and Numbers. — Natives chiefly of 
Australia and the Cape of Good Hope. Examples of the Genera : 
— Protea, Grevillea, Banksia. There are more than GOO 
species. 

Properties and Uses. — They are chiefly remarkable for the 
beauty or singularity of their flowers and their evergreen foliage. 
But the fruits and seeds of some species are eaten ; and the 
wood is largely employed at the Cape and in Australia for 
burning, and occasionally for other purposes ; thus, that of 
Protea yrandiflora is used at the Cape of Good Hope for waggon- 
wheels, hence the plant is named Wagenboom. 

Natural Order 19G. Pen.<ea<je.e. — T he Penroa Order. — 
Character. — Evergreen shrubs, with opposite exstipulate im- 
bricated leaves. Flowers perfect. Calyx inferior, bracteated, 
4-lobed ; aestivation valvate or imbricate. Stamens perigynous, 
4 or 8, alternate with the divisions of the calyx when equal to 
them in number. Ovary superior, 4-celled ; style 1 ; stigma s 4, 
with appendages on one side. Fruit 4-celled, dehiscent or inde- 
hiscent. Seeds varying in position, exalbuminous ; embryo with 
very minute cotyledons. 

Distribution, Examples, and N'umbers. — They are only found 
at the Cape of Good Hope. Examples of the Genera : — Pemea, 
Geissoloma. There are over 20 species. 

Properties and Uses. — Unimportant. 
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Pensea. — The gum called Snrcooolla is commonly said to bo derived from 
Pensea Sarcocolla , P. mvcronata , and other species of Penaea. It was for- 
merly employed as an external application to wounds and ulcers, under the 
idea that it possessed the property of agglutinating the flesh, whence its 
name. It is imported into Bombay from the Persian port of Bushire ; and 
Dymock thinks there can be little doubt that the Sarcocolla plant will prove 
to" be a species ot Astragalus, or of some nearly allied genus. (See 
Astragalus.) 


Fig. 1022. 



Natural Order 197. Laura^e,®. — The Laurel Order. — C h a- 
racter. — Aromatic trees or shrubs. Leaves exstipulate, usually 
alternate, sometimes dotted. Flowers ge- 
nerally perfect, or sometimes imperfectly 
unisexual (Jig. 1022). Calyx inferior 
(Jig. 1022), deeply 4 — 6-cleft, coloured, 
in two whorls, the limb sometimes obso- 
lete ; aestivation imbricate. Stamens pe- 
rigynous, definite, some always sterile ; 
Jilaments distinct, the inner ones commonly 
with glands at their base (Jig. 536 g, g ) ; 
anthers adnate, 2 — 4-celled, l , l, dehiscing 
by recurved valves, v. Ovary superior 
(Jig. 1022), 1 -celled, with 1 or 2 pendu- 
lous ovules. Fruit baccate or drupa- 
ceous. Seeds exalbuminous ; embryo with 
large cotyledons, and a superior radicle. 

Distribution , Examples, and Numbers. — They are chiefly 
natives of tropical regions, but a few occur in North America, 
and one (Laurns nobilis) in Europe. Examples of the Genera : — 
Cinnainomum, Mespilodaphne, Nectandra, Laurus. There are 
above 450 species. 

Properties and Uses. — The plants of this order are almost 
universally characterised by the possession of aromatic properties 
which are due to the presence of volatile oils ; many of them 
are therefore employed as aromatic stimulants. Others are nar- 
cotic ; some have sudorific properties ; and several are tonic, 
stomachic, febrifuge, or astringent. A few have edible fruits, 
and many yield valuable timber. 


Fia. 1022. Vertical section 
of the female flower of 
L’i ui us mini is, the Sw eet 
Bay. 


Acrodiclidium Camara yields the false nutmeg, which is called in Guiana 
the Ackatva or Camara Nutmeg. Its use is similar to that of the other 
false nutmegs derived from plants of this order. (See Agathophyllum and 
Cryptocarya .) 

Agathophyllum aromatievrn yields a kind of false nutmeg, which is the 
Clove-Nutmeg of Madagascar or Mavensara nut. It is used as a spice. (See 
A crodiclidiu m ) . 

Camphora offeinarum or Cinnamomum Camphor a, the Camphor tree, is a 
native of Cihna and Japan, and has been introduced into Java. Commer- 
cial camphor is derived entirely from the island of Formosa and Japan, the 
former being known as China or Formosa Camphor , and the latter as Japan 
or Dutch Camphor. Camj lior is procured from the wood in a crude state by a 
rude process of sublimation, aud the camphor thus obtained is termed crude 
camphor . It is exported to Europe, &c., in this condition, where it is after- 
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wards purified by subliming again, usually in this country after being mixed 
with a little lime, after which processitis called refined camphor, in which state 
it is official. Camphor is a stearoptene or solid volatile oil. This kind of cam- 
phor is commonly distinguished from other camphors by the name of Laurel. 
Common , or Official Camphor (see Dryobalanops , p. 464). The official oil of 
camphor of the United States Pharmacopoeia is the volatile oil which drains 
from the crude camphor which is stored in vats before shipment. It is 
used externally in rheumatism, &e. In proper doses, camphor produces ex- 
hilarating and anodyne effects, for which purposes it is principally employed 
in medicine. Tn large doses it is narcotic and poisonous. 

Cinnamomvm . — Cinnamon, which is so much employed as a condiment, 
and medicinally as a cordial, stimulant, tonic, astringent, carminative, anti- 
spasmodic, and as an adjunct to other medicines, is the inner bark of C. 
zeylanicum. The best comes from Ceylon. It owes its properties essentially 
to the presence of a volatile oil. This volatile oil is the oil of cinnamon of 
commerce. A concrete fatty substance is obtained in Ceylon by expression 
from the ripe fruits, which is called Cinnamon ISuet ; this is supposed by 
Rovle to be the Comacum of Theophrastus. From the leaves of the Cinna- 
mon tree a volatile oil is also distilled iu Ceylon. It has an analogous 
odour and taste to that of oil of cloves. The Cinnamon tree is the Kinnemon 
or Kinman of the Bible. — C. Cassia of Blume, C. aromaticum of Nees, a 
native of China, yields Cassia- lignea or the Cassia hark of commerce ; this 
possesses analogous properties to Cinnamon, and like it yields by distillation 
a volatile oil, called Oil of Cassia, t o the presence of which its properties 
are essentially due. Cassia buds of commerce, which are brought from 
China and occasionally used as a condiment and in medicine, are reputed 
to be the flower-buds of the same plant. C. dutce , C. Lonreiri , and C. iners 
have also been mentioned as the source from whence they are derived. 
Cassia-buds possess somewhat similar properties to Cassia lignea. The 
Cassia tree is the Kiddah or Cassia of the Bible. The inner bark of C. iners 
is very similar in its nature and properties to that of Cassia bark. The bark 
called Indian Clove bark is obtained from C. Cuf Hawaii . It possesses proper- 
ties resembling Cassia. Sintoc bark , which has analogous properties, is the 
produce of C. Sintoc . — C. nitidnm ( euculyptoides ) and C. Tamu'a were pro- 
bably the sources of the folia malabathri of the old pharmacologists, formerly 
so highly esteemed for their stomachic and sudorific properties. The roots 
of C. parthenoxylon and C. glanduliferum resemble the official sassafras in 
their properties. The latter is the ‘ Sassafras of Nepal.’ 

Cryptocarya moschata yields a kind of false or wrfd nutmeg which is 
termed the Brazilian Nutmeg. (See also Acrodiclidium and Agathophylhtm.) 

Dicypellium caryophyllatvm yields Brazilian Clove Bark or ('love Cassia 
Bark. It is occasionally imported, and used for mixing with other spices. 

Ijaurus nobilisy the Sweet Bay, is said to be the Ezrach or Green Bay 
tree of the Bible. It is the classic Laurel which was used by the ancients 
to make crowns for their heroes, lienee it is frequently called the Victor’s 
Laurel. The fruits, which were formerly official, are commonly known under 
the name of Bay or Laurel berries. Bay berries are reputed to be aromatic, 
stimulant, and narcotic, but they are very rarely used in medicine. By 
distillation with water they yield a volatile oil, common 1 a known as the Vola- 
tile Oil of Sweet Bay. The substance called Expressed Oil of Bays or Laurel 
fat is obtained from both the fiesh and dry fruits by pressing them after 
they have been boiltl in water ; this is of a green colour, and butyraceous 
consistence, and is a mixture of volatile oil and fatty bodies, like the ex- 
pressed oil of nutmegs. Laurel leaves have somewhat similar properties to 
the fruit. From their aromatic properties they are used by tho cook for 
flavouring. These leaves must not be confounded with those of the poison- 
ous Cherry Laurel, already noticed. (See Primus.) 

Mespilodaphne pretiosa, a native of Brazil, yields the aromatic bark called 
Casca pretiosa by the Portuguese. 

t t 2 
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Nectandra. — N. JRodifvi is the Bebeerv or Greenheart Tree of Guiana, 
the wood of which is very hard and durable, and has been employed in 
ship-building, &c. Bebeeru or bibiru bark is obtained from this tree ; it 
has been used of late years in medicine as a substitute for the cinchona 
barks, possessing, like them, tonic, antiperiodic, febrifugal, and astringent 
properties. These properties are due to the presence of a peculiar alkaloid 
called Belwria , which has nearly similar medicinal properties to quinia, and 
is employed by itself, and in the form of a sulphate, as an economical sub- 
stitute for sulphate of quinia. It is, however, very inferior in its pr< perties to 
quinia. Bebeeru bark and sulphate of beberia are both official in the British 
Pharmacopoeia. The seeds of the Bebeeru tree contain starch ; this when 
mixed av ith an equal quantity of a decayed astringent wood, and a similar 
proportion of cassava pulp, is made into a kind of bread, and used as 
food by the Indians. — N. eymbarvm of Nees, the Orotea amara of Martius, 
yields the substance called Brazilian Sassafras. The cotyledons of JV, 
Puehvry major and minor are imported from Brazil under the name of Sas- 
safras JS'uts or l’uchurim Beans, which are much esteemed as a flavouring 
for chocolate. Luring the continental war they were used as a substitute 
for nutmegs. Other species of Nectandra , as N. sanguinea, JV. exalt ata, and 
N. Ivucantha , yield more or less valuable timber. 

Oreodaphne. — Several species of this genus yield valuable timber; thus 
the Sweet-mood is the produce of O.exa/tata ; the Til of the Canaries, of O. 
fcetens ; and the Siraballi of Demerara is derived from a species of Oreodaphne 
or of some nearly allied genus 

Persea. — The fruit of P. gratissima is in much repute in the We^t 
Indies. It is commonly known as the Avocado or Alligator Pear.— P. 
indica, n native of Madeira, yields a timber somewhat resembling maho- 
gany. 

Sassafras. — The root of S. officinale under the name of Sassafras is 
official. Sassafras is employed medicinally in this country and elsewhere, 
as a stimulant, diaphoretic, and alterative. From it the volatile oil of Sas- 
safras is obtained. Sassafras pith is largely used in the United States of 
America, where it is official in the Phaimacopouia, as a demulcent. 

Natural Order 108. Cassythaoe^e. — The Dodder-Laurel 
Order. — Diagnosis. — This is a small order which w as separated 
from the Laurace;e by Lindley. The only important differences 
between the Lauraeem and the Cassythaceas consist in the 
plants of the latter being parasitical in their habit ; in having 
scales in place of green leaves ; and in their fruit being enclosed 
in a succulent calyx. 

LHstribntioUj Examples, and Numbers.— Natives of tropical 
regions. There is only one genus, Cassytha , which contains 
about 9 species. Their uses are unknown. 

Natural Order 199. Atherospermaoe.e. — The Plume Nut- 
meg Order. — Character. — Trees with opposite exstipulate 
leaves. Flowers axillary, racemose, bracteated, diclinous or rarely 
perfect. Calyx inferior, tubular, with several divisions. Male 
flowers with numerous perigynous stamens ; anthers 2-celled, 
opening by recurv ed valvts. Female flower usually with abortive 
scaly stamens. Carpels superior, numerous, distinct, each with 
a solitary erect ovule ; styles and stigmas as many as the carpels. 
Fruit consisting of a number of achmnia crowned with persistent 
feathery styles, and enclosed in the tube of the calyx. Seeds 
erect, with a minute embryo at the base of fleshy albumen. 
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Distribution , Examples, and Numbers. — Natives of Australia 
and Chili. There are but 3 genera, namely, Atherosperma and 
Doryphora from Australia, and Laurelia from Chili ; these include 
4 species. 

Properties and Uses. — They are fragrant plants. The achsenia 
of Lan/relia somewhat resemble common Nutmegs in their odour. 

Atherosperma. — A decoction of the bark of Atherosperma moschata is 
stated by Backhouse to be used in some parts of Australia ns a substitute 
for China tea. This bark resembles sassafras in flavour and odour, hence 
it is commonly known under the name of Austr dian Sassafras ; it is occa- 
sionally imported into this country. The decoction is likewise employed 
as a diuretic and diaphoretic. The wood is also valuable as timber. 

Natural Order 200. Monimiaoe.e. — T he Monimia Order. — 
Diagnosis. — Trees or shntbs , with opposite exstipulate leaves. 
Flowers axillary, diclinous. The flowers generally resemble 
those of the Atherospermacese, but they differ in always being 
unisexual ; in the longitudinal dehiscence of their anthers ; in 
the absence of feathery styles to the fruit ; and in their ovules 
and seeds being pendulous. 

Distribution , Examples , and Numbers. — They are principally 
natives of South America, but are found also in Australia, Java, 
Madagascar, Mauritius, and New Zealand. Examples of the 
Genera: — Monimia, Peumus. There are about 40 species. 

Properties and Uses. — They are aromatic fragrant plants, but 
their properties are of no great importance. 

Peumus Boldus or Boldoa fray runs — The leaves of this plant, which is a 
native of Chili, under the name of lhddo, have been lately introduced as a 
remedv in diseases of the liver, but their use has been attended but with little 
success in European practice. 

Natural Order 201. Myeisticaoe^. — T he Nutmeg Order. 
— Character. — Trees. Leaves alternate, exstipulate, entire, 
stalked, leathery. Flowers diclinous. Calyx inferior, leathery, 
3 — 4-cleft ; in the female flower , deciduous ; aestivation valvate. 
Male flower with 3 — 12 stamens, or rarely more numerous ; 
filaments distinct or inonadelphous ; anthers 2-celled, extrorse, 
distinct or united, with longitudinal dehiscence. Female flower 
with 1 or many superior carpels , or rarely 2 ; each carpel with 
1 erect ovule. Fruit succulent. Seed arillate, with copious 
oily-fleshy ruminated albumen ; embryo small, with an inferior 
radicle. 

Distribution , Examples , and Numbers. — Natives of tropical 
India and America. Examples of the Genera: — Myristica, 
Hyalostemma. There are above 40 species. 

Properties mid Uses. — Aromatic properties are almost uni- 
versally found in the plants of this order, more especially in 
their seeds. The bark and the pericarp are frequently acrid. 

Myristica. — The valuable and well-known spices called Nutmegs and 
Mace are both derived from M. officinalis or M. fragrans , the Nutmeg tree. 
This tree is a native of the Molucca and other Indian islands, &c., and it is 
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now cultivated in the Banda Islands, also in the Philippines, Bencoolen, 
Penang, and Singapore, in Mauritius, West India Islands, and South 
America. At Penang and Singapore, whence formerly the best nutmegs 
were obtained, its cultivation has declined of late \ ears. The Nutmeg tree 
bears pear-shaped fruits, commonly about the size of an ordinary peach, 
with fleshy pericarps ; each fruit contains a single seed, surrounded by a 
lacerated envelope called an arillode , or commonly mace ; this is scarlet when 
fresh, but usually becomes yellow when dried, as in the mace of commerce. 
Beneath the arillode we find a hard shell, and within this the nucleus of the 
seed invented closely by its endopleura or inner coat, which also penetrates 
the substance of the albumen and divides it into lobes ( ruminated albumen). 
This nucleus — that is, the seed divested of its shell and aiillode — is the 
official and commercial nutmeg. The pericarp is used as a preserve. 
Both nutmegs and mace are largely employ ed as condiments, but their use 
icquircs caution in those subject to apoplexy or other cerebral affections, as 
they possess narcotic properties. In medicine they are employed as stimu- 
lants, carminatives, and flavouring agents. Nutmegs yield when distilled 
with w’ater a volatile oil, called Volatile or Essential Oil of Nutmegs. 
Mace under like conditions abo yields a volatile oil of nearly similar pro- 
perties. The substance called Expressed 0«1 of Mace, Butter of Nutmegs, 
or Expressed or Concrete Oil of Kutmegs, is ini] orted chiefly from Singa- 
pore, and is prepared by reducing nutmegs to coarse powder, which after 
exposure to the vapour of water is submitted to pressure between heated 
plates. It consists of a small quantity of volatile oil mixed with several 
fatty bodies , the most important of whi< li is myristicin. The Nutmegs thus 
described are frequently termed the True, Round, or Official Nutmegs, to 
distinguish them from tho«e of an inferior quality, which are derived from 
other species of Myristica, &c. One of these inferior nutmegs is found in 
commerce, and is called the Long or Wild Nutmeg. It occurs in three con- 
ditions, namely, w ithout the hard shell and arillode, then termed long or 
wild nutmeg ; enclosed W'ithin the shell but divested of the arillode ( long or 
wild nutmeg in the shell ) ; and within the shril and arillode (long or wi'd 
nutmeg covered with mace). These long nutmegs are said to be derived from 
Myristica fatua, and probably also, to some extent, fiom M. ma'abarica. 
Both the long nutmeg and its mace are very inferior to the similar parts 
of M. officinalis. There are some other kinds of Nutmegs, derived from 
different species of Myristica, which are in use in various parts of the woild, 
but as they are much inferior in their qualities and are not found in com- 
merce, it is unnecessary to allude further to them here. We have also already 
stated, that some false or wild Nutmegs are derived from plants of the order 
Lauraceae. (bee Acrodiclidium , Agathophylluin, and Ci yptocarya.) 

Natural Order 202. BegoniacetE. — The Begonia Order. — 
Character. — Herbs or low succulent shrubs. Leaves alternate, 
unequal sided at the base (Jig. 333), with large stipules. Flowers 
diclinous. Calyx superior. Male flower with 4 sepals, 2 of 
which are smaller than the otheis, and placed internal to them. 
Stamens numerous, distinct or coherent in a column ; anthers 
2-celled, clavate, with longitudinal dehiscence, clustered. 
Female flower with 5 or 8 sepals. Ovary inferior, winged, 3- 
celled, with three large projecting placentas meeting in the axis ; 
stigmas 3, sessile, 2-lobed. Fruit winged, capsular. Seeds nume- 
rous, with a thin reticulated testa, and without albumen. 

This order and the Datiscaceee are placed by some botanists 
near to Cucurbitaceee, to which in some of their characters they 
are closely allied. 
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Distribution , Examples , and Numbers. — Natives chiefly of 
India, South America, and the West Indies. Examples of the 
Genera: — Begonia, Diploclinium. There are above ICO species. 

Properties and Uses. — They are generally reputed to possess 
astringent and bitter properties, and occasionally to be purgative. 
None, however, have any particular importance. 

Natural Order 203. Datisca oeje. — T he Datisca Order. — 
Character. — Herbs or trees. Leaves alternate, exstipulate. 
Flowers diclinous. Male flower with a 3 — 4-cleft calyx. Stamens 
3—7 ; anthers 2-celled, linear, bursting longitudinally. Female 
flower with a superior 3 — 4-toothed calyx , and a 1-celled ovary , 
with 3 — 4 polyspermous parietal placentas. Fruit dry, opening 
at the apex. Seeds without albumen, minute, numerous. 

Distiilmtion , Examples , and Numbers. — They are widely dis- 
tributed over the globe. Examples of the Genera .'—Datisca, 
Tetrameles, Tricerastes. The above are the only genera : there 
are 4 species. 

Properties and Uses. — Of little importance. Useful fibres 
might probably be obtained from the plants of this order. 

Datisca cannabina is bitter and purgative. The root is employed in 
Cashmere as a yellow dye. 

Natural Order 204. Samydace.*:. — T he Samyda Order. — 
Character. - Trees or shrubs. Leaves alternate, simple, ever- 
green, stipulate, usually with round or linear transparent dots. 
Flowers perfect. Calyx inf trior, 4-5-partite. Stamens perigy- 
nous, 2, 3, or 4 times as many as the divisions of the calyx ; 
filaments united, some of them frequently sterile ; anthers 2- 
celled. Ovary superior, 1 -celled ; style 1, filiform ; placentas parie- 
tal, bearing numerous ovules. Fruit capsular, leathery, 1-celled. 
Seeds numerous, anllate, with oily or fleshy albumen ; embryo 
large. 

Distribution , Examples, and Numbers. — Exclusively tropical, 
and principally American. Examples of the Gaiera: — Samyda, 
Casearia. There are above 100 species. 

Properties and Uses. — Of little importance. They are com 
monly bitter and astringent. 

Casearia. — C '. ulmifnlta , a native of Brazil, is there highly esteemed as a 
remedy against snake-bites. Some species of Casearia have poisonous pro- 
pel ties. — C. esculenta has purgative roots. 

Natural Order 205. Lacistemace^e. — T heLacistema Order. 
— Character. — Shrubs. Leaves simple, alternate, stipulate. 
Flowers in axilL ry catkins, perfect or unisexual. Calyx infe- 
rior, with several divisions, enclosed by a bract. Stamen 1, 
hyP°©y no,ls > with a 2-lobed connective, each lobe bearing 1 cell 
of the anther, which bursts transversely. Ovary superior, seated 
in a disk, 1-celled, with numerous ovules attached to parietal 
placentas. Fruit capsular, 1-celled, 2 — 3-valved. Seeds gene- 
rally 2 or 3, arillate, suspended, with fleshy albumen. 
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Distribution , Examples , Numbers , and Properties. — Natives of 
woody places in tropical America. Examples of the Genera: — 
There are 2 genera, namely, Lacistema and Synzyganthera, which 
contain 6 species. Their properties and uses are unknown. 

Natural Order 206. Chailletia cel/E. —T he Chailletia Order. 
— Character. — Trees or shrubs. Leaves alternate, entire, 
stipulate. Calyx inferior, with 5 sepals ; aestivation induplicate. 
Stamens 10, perigynous, in two alternate whorls, the outer peta- 
loid and sterile. Ovary superior, 2 — 3-celled, with twin pendu- 
lous ovules. Fruit dry, 1— 3-celled. Seeds pendulous, exalbu- 
minous. Some botanists regard the outer whorl of sterile 
stamens as petals, and place the order amongst the Calyciflorse, 
near Celastraceae, to which it seems most nearly allied. 

Distribution , Examples , and Numbers. — Natives of tropical 
regions. Examples of the Genera: — Chailletia, Stephanopodium. 
There are about 10 species. 

Properties and Uses. — Unimportant. The fruit of Chail- 
letia toxicaria , a native of Sierra Leone, is commonly called 
Ratsbane on account of its poisonous nature. 

Natural Order 207. Ulmaceas. — The Elm Order. — 
Character. — Trees or shrubs. Leaves alternate, scabrous, 
with deciduous stipules. Flowers perfect or unisexual, in loose 
clusters. Calyx inferior, membranous, imbricate. Stamens 
perigynous, definite. Ovary superior, 1 — 2-celled ; styles or 
stigmas 2. Fruit indehiscent, samaroid or drupaceous, 1 — 2- 
celled. Seeds solitary, pendulous, with little or no albumen ; 
cotyledons foliaceous ; radicle superior. 

Division of the Order and Examples of the Genera. — This order 
may be divided into two sub-orders, as follows : — 

Sub-order 1. Celteae. — Ovary 1-celled. Examples : — Celtis, 

Mertensia. 

Sub-order 2. Ulmeee. — Ovary 2-celled. Examples: — Planera, 

Ulmus. 

Distribution and Numbers. — They are chiefly natives of the 
northern regions of the world. There are about 60 species. 

Properties and Uses. — Some are valuable timber trees. The 
bark and fruit of others are bitter, tonic, and astringent ; and a 
few possess aromatic properties. 

CtHis . — The fruit of C. occidentalis has a sweetish astringent taste, 
and has been used in dysenterv, &c. This plant is commonly known under 
the names of Nettle-tree and Sugar-berry. — C. orientalis has aromatic pro- 
perties. 

Ulmus , Elm. — The inner bark of Ulmvs campestrhrt he common English 
Elm, is official, and is regarded as demulcent, tonic, diuretic, and alterative ; 
it has been used in some chronic skin diseases, but as a medicinal agent it 
is now nearly obsolete. The dried and powdered bark has been mixed with 
meal in Norway, to make bread in times of scarcity. The wood of this species, 
as also that of U. montana y the Scotch or Wycti Elm, and others, is largely 
employed as timber, which is valuable not only for its toughness, but because 
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it is not readily acted upon by water. The inner bark of U. fulva , the 
Slippery Elm or Red Elm, a native of the United States, where it is official 
in the pharmacopoeia, is much used in that country as a demulcent for both 
external and internal use. When ground it is said to form an excellent 
emollient poultice, like that of Linseed meal. It is also stated to have the 
property of preserving fatty substances from rancidity, when these are 
melted and kept in contact with it for some time. 

Natural Order 208. Urticace^:.— The Nettle Order.— 
Character. — Herbs, shrubs , or trees , with a watery juice. 
Leaves altomate, usually rough or with stinging glands (fig. 165) ; 


Fig. 1023. 


Fig. 1024. 



Fig. 1023. Male flower of the Small Nettle ( Urtica urtnx). c. Calyx, e, e, 

e. e. Stamen**, with 2*eelled anthers, pr. Rudimentary pistil. Fig. 

1024. Vertical section of the pistil of the same. p. Wall of the ovary. 
«. Stigma, o. Ovule. 


stipulate. Flowers small, unisexual (fig. 1023) or rarely perfect, 
scattered or arranged in heads or catkins. Calyx inferior (fig. 
1023, c), lobed, persistent. Male flavor with a few distinct 
stamens (fig. 1023), perigynous, and opposite the divisions of 
the calyx. Female flower with a superior 1 -celled ovary (figs. 
724 and 1024) ; ovule solitary, ascending ( figs. 72 1 and 1024). 
Fruit indehiscent, surrounded by the persistent calyx. Seed 
solitary (fig. 760) ; embryo (fig. 769) straight, enclosed in albu- 
men ; and with a superior radicle , r. 

Distribution , Examples , and Numbers. — These plants are 
more or less distributed over the world. Examples of the 
Genera: — Urtica, Boehmeria, Parietaria. The order contains 
more than 300 species. 

Properties and Uses. — Chiefly remarkable for yielding valu- 
able fibres, and for the acrid stinging juice contained in their 
glands. 

Bcehmeria. — Several species yield valuable fibres, as B. Puya (Pooah 
fibre), in Nepaul and Sikkim, and B. speciow (Wild Rhea). The most 
celebrated of them all, however, is B. nivea , from which the fibres are ob- 
tained that are used in the manufacture of the celebrated Chinese grass- 
cloth, and for other purposes. These fibres are also now employed in 
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this country for textile fabrics, See. The Rhea fibre of Assam, one of the 
strongest known fibres, is also obtained from this plant. 

Laportea pustulata, the Wood Nettle. — This is a native of the Alleghany 
mountains and some other parts of North America. It has been much 
recommended for cultivation in Germany, &c., as a textile plant. 

Parietaria officinalis , Wall Pellitory, is by many regarded as a valuable 
diuretic and lithontriptic. 

Urtica , Nettle.— The Nettles are well known from their stinging glands. 
Some of the East Indian species, as IT. crenulata. U. stinmlans , and more 
especially IJ. urentissima , produce very violent effects. Flagellation by a 
bunch of nettles ( Urtica dioica , or IT. wens') was formerly employed in palsy, 
and other cases. — U. baccifera is used as an aperient in the West Indies ; 
the root of IT. pihilifera is regarded as diuretic and astringent ; and an 
infusion of the leaves of U. dioica , commonly known as Nettle Tea, is fre- 
quently used in parts of this country as a purifier of the blood. Some Nettles, 
as U. tuberosa , have edible tuberous roots ; others yield useful fibres, as 
Urtica heterophylla , Neilgherry Nettle, and IT. tenacissima. 

Natural Order 200 . — Cannabinaoe^e. — T he Hemp Order. — 
Character. — Rough herbs with a watery juice. Leaver alter- 
nate, lobed, stipulate. Flowers small, unisexual, dioecious. 
Male flowers in racemes or panicles. Calyx scaly, imbricate. 
Stamens 5, opposite the sepals ; filaments filiform. Female 
flowers in spikes or strobiles (Jig. 416), each flower with 1 sepal 
surrounding the ovary, which is superior and 1-celled, and con- 
tains a solitary pendulous ovule. Fruit indehiscent. Seed 
solitary, pendulous, without albumen ; embryo hooked or spi- 
rally coiled, with a superior radicle. 

Distribution, Examples, and Numbers. — Natives of the tem- 
perate parts of the northern hemisphere in Europe and Asia. 
Examples of the Genera : — Cannabis, Humulus. These are the 
only genera, and each contains but one species. 

Properties ami Uses. — The plants of this order yield valuable 
fibres, and possess narcotic, stomachic, and tonic properties. 

Can nabis saliva, the Common Hemp. — The valuab’e fibre called Hemp 
is obtained from this plant. It is principally derived from Russia, but the 
best hem]) is produced in Italy. Inferior hemp is obtained from the United 
States and India In 1873, no less than 1,251,000 cwts. of hemp were im- 
ported into Great Britain. Hemp is chiefly used for cordage, sacking, and 
sail-cloths. This fibre has been known for more than 2,500 years. 'I he 
fruits, commonly termed hemp seeds , are oleaginous and demulcent. They 
are used for feeding birds. When submitted to pressure, they yield about 
25 per cent, of a fixed oil, which is employed as a varnish, and for other 
purposes. When the Hemp plant is grown in tropical countries, it varies 
in some important characters from the ordinary C. sativa of colder climates, 
and is even by some botanists considered as a distinct variety, which is 
named C. sativa var. indica, Indian Hemp. This latter plant produces less 
valuable fibres than the former, but it acquires marked narcotic properties 
from secreting a much larger quantity of a peculiar resin than is the case 
with the plant of colder latitudes. The herb and resin are largely employed 
in Asia, and some other parrs of the world, for the purposes of intoxication, 
and in medicine. The principal forms in -which Indian Hemp is found are, 
— Gunjak or Ganja , the dried tops after flowering of the female plant, con- 
taining the resin ; Bhang, Subjee, or JSidhee , the larger leaves and fruits 
without the stalks ; and Churrus , the concrete resinous substance which; 
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exudes spontaneously from the stem, leaves, and tops. The above forms are 
in common use in India ; and another cal ed Hashish or Hashash is largely 
employed in Arabia. The word ‘assassin ’ is usually said to be derived from 
hashish , the Arabic word for hemp. Other preparations of Hemp are, majoon , 
in use at Calcutta, inajxtuchari at Cairo, and the dawatnes of the Arabs. 
Indian Hemp is also used for smoking. This plant is likewise known under 
the name of Uiamba in Western Africa, where it is employed for intoxi- 
cating purposes under the names ot maeonie and makiah . In the form ot an 
extract or tincture, Indian Hemp has been employed medicinally in this 
country and elsewhere Pereira calls it an exhilarant, inebriant, plumtas- 
matic,* hypnotic or so} orific, and stupetacient or narcotic ; but as obtained 
in this country, it varies so much m activity, that its effects cannot be 
depended upon with certainty, ana it is consequently not much employed. 
The dried flowering tops of the female plants grown in India, and lrom 
which the resin has not been removed, are official in the llritish Pharmaco- 
poeia. The resin is called rannabin , and is usually regarded as the active 
piinciple of the plant. Recently, however, a volatile alkaloid analogous to 
nicotia has been indicated as one of the constituents of Indian Hemp. 

Humvlus Lnpulus , the Hop. — The aggregate fruits of this plant are 
known under the name of strobiles (jig. 410), or commonly hops. These 
fruits consist of scales (bracts), and acluenia, the latter of which are sur- 
rounded by yellowish aromatic glands (jig. 102). These glands, which are 
usually termed lupuliniv glands , are the most active part of hops. Ihev 
contain a volatile o?7, and a bitter principle called lupuim or lupulite, to the 
presence of which hops principally owe their properties. The bracts also 
appear to contain a very small proportion ot lupuim, and are therefore not 
devoid altogether of active properties ; they also contain tannic acid, and nro 
therefore somewhat astringent. Hops are used medicinally for their stomachic 
and tonic properties. They are also to some extent narcotic, es{>eciully the 
odorous vapours from them, hence a pillow stuffed with hops is occasionally 
employed to induce sleep. The chief use of hops, however, is in the manu- 
facture of ale and beer to which they* impart a pleasant aromatic bitter 
flavour, and tonic and soporific properties. They also prevent beer from 
rapidly becoming sour. In Belgium, &c., the young shoots of the Hop are 
much used as a vegetable, and properly prepared for the table they are said 
to make a most delicate dish. 


Natural Order 210. MoRACEiE. — The Mulberry Order. — 
Character. — Trees or shrubs with a milky juice. Lea ves with 
large stipules. Flowers unisex- 
ual, in heads, spikes, or catkins. 

Male flowers with a 3 — 4-partite 
calyx (jig. 1025), or achlainy- 
deous. Stamens 3 — 4, perigy- 
nous (fig. 1025), and opposite 
the segments of the calyx. 

Female flowers with 3 — 5 sepals. 

Ovary superior, 1 — 2-ceiled. 

Fruit a sorosh. (jig. 719) or 
syconus (fig. 401). Seed soli- 
tary, pendulous (jig. 1020) ; 
embryo hooked (fig. 1026), in 
fleshy albumen, and with a superior radicle. 

Distribution , Examples , and Numbers. — They are natives of 
both hemispheres, and occur in temperate and tropical climates. 


Fig. 1025. 


Fig. 1020. 



Fig. 1025. Male flower of tbe Black 

Mulberry (Morns nigra). Fig. 1<>26. 

Vortical section of the ovary of the 
female flower ot the same. 
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Examples of the Genera : — Morns, Ficus, Dorstenia. There are 
over 200 species. 

Properties and Uses. — The milky juice of some species pos- 
sesses acrid and poisonous properties, while in others it is 
bland, and may be taken as a beverage. From the milky juice 
of some, Caoutchouc or India-rubber is obtained. The inner 
bark of other species supplies fibres. Some possess stimulant, 
sudorific, tonic, or astringent properties. Many yield edible 
fruits, while the seeds generally of the plants of this order are 
wholesome. 

Broussonetia papyrifera, the Paper Mulberry, is so named from its inner 
bark being used in China, Japan, &c.. for the manufacture of a kind of 
paper. The Otaheitans, &c., also make a kind of cloth from it. 

Dorstenia. — The rhizomes and rootlets of several species have been sup- 
posed to be antidotes to the bites of venomous reptiles, and aho of many 
poisonous substances ; those of D. Contrayerva and D. brasiliensis have been 
likewise employed in Britain for their stimulant, tonic, and diaphoretic pro- 
perties. 

Ficus. — F. Carica yields the well-known fruit named the Fig. Figs are 
nutritive, emollient, demulcent, and laxative ; they are official, and are 
frequentty employed in medicine. The Fig tree is the Teenah of the Bible. 
— F. opposition lia and F. polt/carpa, natives of the East Indies, aie said to 
possess emetic properties. — F. elastica , a native of India, yields an inferior 
kind of India-rubber. It is known in commerce as Assam rubber It also 
yields Java rubber. From other species a similar substance is obtained. 
The juice of F. toxicaria and F. dwmona is a very powerful poison. — F. 
Sycumorus ( Sycomorua antiquorum ), the Sycamore Fig, is said by some 
authors to have yielded the wood from which mum my- cases were made. 
(See Cordia.) Richard states that the Abvssmians eat the inner bark of 
t . panifea. The brown hairy coveting of the leaves of F. lasiophylla is used 
as a styptic at Singapore, &c. 

Madura — The wood of M. tinctoria, a native of the West Indies and 
South America, is of a golden-yellow colour, and is much used in this 
country and elsewhere as a dyeing agent. It is known as Fustic or Old 
Fustic, to distinguish it from Young Fustic, already noticed. (See Rhus.) 
The fruit is edible. — M. aurantiaca is the source of the fruit called Osage 
Orange, the juice of which is u*ed by the native tribes in some districts ot 
America as a yellow war paint. 

Morus. — The fruit of Morus nigra is our common Mulberry. The juice 
is official in the British and Indian Pharmacopoeias. Mulberries are well 
known as a dessert fruit ; they are also employed medicinally for their re- 
frigerant and slightly laxative properties, and likewise to give colour and 
flavour to medicines. The Sycamine tree of the Bible is supposed to be 
this plant. The leaves of this species, as well as those of Morus alha ) 
White Mulberry, and others, are in common use as food for silk-worms. 
The roots of both M. nigra and M. alba are said to be cathartic and anthel- 
mintic. 

Natural Order 211. — Abtocarpaceas. — The Bread-fruit 
Order. — Character. — Trees or shrubs with a milky juice. 
Leaves alternate (fig. 1027), simple, with large convolute sti- 
pules. Flowers unisexual, in dense heads (fig. 1027, b , c). 
Male flowers (fig. 1027, b) achlamydeous, or with a 2-—4-lobed, 
op 2-—4-sepaled calyx, stamens opposite the lobes of the calyx 
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or to the sepals. Female flowers arranged over a fleshy recep- 
tacle of varying form {fig. 1027, a, c). Calyx inferior, tubular, 
2 — 4-cleft or entire. /l 


Fig. 1027. 


superior, 1-celled. Fruit com- 
monly a sorosis. Feed erect 
or pendulous, with little or 
no albumen ; embryo straight, 
with a superior radicle. 

Distribution, Examples, 
and Numbers . — Exclusively 
tropical plants. Examples of 
the Genera Antiaris, Arto- 
carpus, Phytocrene. There 
are about 60 species. 

Properties and Uses. — The 
milky juice of several species 
yields India-rubber. This 
juice is in certain cases poison- 
ous, while in others it forms a 
nutritious beverage. A few 
yield valuable timber. The 
fruits of some are edible, and 
the seeds generally of plants 
of this order are wholesome. 



Branch of tho Bread-fruit 
tree ( Aitocarims mci.sa). a, r. Heads of 
pistillate flow era. b, Head of staminate 
flowers. 


Antiaris. — A. toxiraria in the celebrated Antsjar or Upas poison tree of 
Java, but most of the stories related concerning it are fabulous. The 
milkv juice is t lie poisonous product. This poison owes its activity to a 
peculiar principle named by Pelletier and Cavonton antiarin. — Antiaris 
( J.ejivrandra) saccidora , a native of the East Indies, has a very tough inner 
bark, which is used for cordage, matting, &c. Sacks also are made from it 
as follows : — ‘ A branch is cut corresponding to the length and diameter of 
the sack wanted. Ii is soaked a little, and then beaten with clubs until 
the liber separates from the wood. This done, the sack formed of the bark 
is turned inside out, and pulled down till the wood is sawed off, with the 
exception of a small piece left to form the bottom of the sack.’ These 
sacks are commonly used to carry rice, and other substances. The seeds 
have a very bitter taste. 

Artocarpvs . — The fruit of A. incisa is the important Bread fruit of the 
Moluccas and islands of the Pacific. It supplies the place of corn to the 
natives of those regions. It is also used to some extent in the West Indies, 
but is not so much valued there for food as the Plantain. In the South 
Sea Islands the juice is employed as glue, the wood as timber, and the bark 
for making a coarse kind of cloth. — A. integrifolia yields the Jak or Jack- 
fruit, w liich is largeh' used as food bv the natives in Cevlon, Southern India, 
and other warm \ irts ot' Asia. The roasted seeds are likewise much 
esteemed. The inner wood is also employed to d}e the Buddhist priests* 
robes ot a yellow colour. 

Brosimvm. — B. Galaciodendron is the celebrated Palo de Vaca or Cow- 
tree of South America. It is so named from its milky juice being nutritious 
like milk from the cow. It is the Massnranduba tree of Brazil, the juice of 
which has been highly recommended as a source of India-rubber. The 
fibrous bark of B. Namagua is used in Panama for sails, ropes, garments, 
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&c. — B. Auhletn ( Piratinera Guianenm ), a native of British Guiana, is the 
source of the beautiful fancy wood called Snake-wood, Leopard-wood, or 
Letter-wood. ~~B. AHcaslrum yields edible seeds, which are called Bread- 
nuts in Jamaica. The wood, which somewhat resembles mahogany, is also 
Ibere used by cabinet makers. 

Castilfna elastica . — This is the Cuacho tree of Darien, and, according to 
Collins, this spec ies and C. Markhamiana , yield all the varieties of India-rubber 
obtained from Central America, Ecuador, New 


Fig. 1028. 



Granada, and the West Indies ; and known 
commercially as West Indian, Carthagena, 
Nicaragua, Honduras, Guayaquil, Guatemala, 
& c., rubbers. These are chiefly exported from 
Carthagena to Great Britain and the United 
States. 

Cerrovia peltata is remarkable for its stems 
being hollow except at the nodes, hence they 
are used for wind instruments. Cows are said 
to thrive well on its leaves. Its cultivation 
has been recommended in Algeria as a forage 
plant. 

Cudrania . — The heart-wood of a species of 
this genus, native of East Tropical Africa, 
a ields a light yellow colour somewhat between 
that of quercitron bark and fustic. 

Phytoerene . — This genus is noweommonly 
considered to constitute a new order called 
Phytocrenacece. The plants belonging to it 
are climbing shrubs, natives of the East In- 
dies, with diehlamvdeoub unisexual flowers, 
and seeds with a large quantity of albumen, 
which latter character at once distinguishes 
them from the Artocarpaeeac. Thev yield a 
large quantity of waterv juice when wounded, 
hence they are termed Water-vines, or ‘plant- 
fountains.’ In Martaban this juice is drunk 
by the natives. 

Natural Order 212. Platanaoe^e. 
—The Plane Order. — Character. — 
Trees or shruhs with a watery juice. 
Leaves alternate, with deciduous 
sheathing stipules ( fiq . 1028). Flowers 
unisexual, monoecious, in globular (fig. 


Fig. 1 028 . Branch of the Plane 
Tree (Ffatanui o> letitah.s), 
with amentaceous heads 
of achlamydeous female 


1028) amentaceous heads ; achlamyde- 
ous. Male flowers with 1 stamen and 
a 2-celled linear anther. Female 


flower8, flowers {fig. 1028) consisting of a 1- 

celled ovary , and a thick style ; ovules 
1 — 2, suspended. Fruits arranged in a compact rounded 
head, consisting of clavate achfenia with persistent styles. Seeds 


1 — 2, pendulous ; embryo in very thin albumen, with an inferior 


radicle. 


Distribution , Examples , and Numbers . — They are natives 
principally of North America and the Levant. Platanus is the 
only genus, of which there are 5 or 6 species. 
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Properties and Uses. — Of no particular importance, except 
that, from their being large handsome trees, and flourishing well 
in large towns, they are commonly planted in our parks and 
squares. The leaves resemble in shape those of the Sycamore 
tree. The timber is sometimes used by the cabinet maker. 

Natural Order 213 . — Stilaginacea!:. — T he Stilago Order. — 
Character. — Trees or shrubs. Leaves alternate, simple, lea- 
thery, with deciduous stipules. Flowers minute, unisexual, in 
scaly spikes. Calyx 2 — 5-partite. Male flowers consisting of 2 or 
more stamens on an enlarged thalamus ; anthers usually 2-lobed, 
with a fleshy connective, and dehiscing transversely at the apex. 
Female flowers with a superior 1 — 2-celled ovary , each cell with 
2 suspended ovules. Fruit drupaceous. Seeds suspended, albu- 
minous ; embryo straight, with leafy cotyledons, and a superior 
radicle. 

Distribution , Examples , and Numbers. — Natives of Madagas- 
car and the East Indies. Examples of the Genera : — Stilago, 
Falconeria. There are about 20 specips. 

Properties and Uses. — Unimportant. The fruits of A ntidesma 
pubesecns and Stilago Eunias are subacid and agreeable. 

Natural Order 214. Ceratoph yllace.e. — The Hornw r ort 
Order. — Character. — Aquatic herbs. Leaves verticillate. 
Flowers minute, axillary, sessile, monoecious. (\dyx or invo- 
lucre of bracts inferior, 8 — 12-partite. Male flower consisting of 
12—20 stamens ; anthers sessile, 2-celled. Female flower with a 
superior 1-celled ovary , and 1 pendulous ovule. Fruit hard or 
nut-like, indehiscent. Seed exalbuminous, pendulous ; embryo 
with a large many-leaved plumule, and a very short inferior 
radicle. 

Distribution and Properties.— Natives of the northern hemi- 
sphere. Ceratoph yll inn is the only genus. The properties and 
uses of the species are unknown. 

Natural Order 215. Callitrioha<aele.— T he Starwort Order. 
— Character. — Small aquatic herbs. Leaves opposite, entire, 
simple. Flowers minute, axillary, solitary, unisexual, achla- 
mydeous. Male flower of 1 — 2 stamens ; anthers reniform. Fe- 
male flower with a 4-cornered, 4-celled ovary , with 1 suspended 
ovule in each cell. Fruit indehiscent, 4-celled. Seeds 4, peltate, 
with fleshy albumen ; embryo inverted, with a very long supe- 
rior radicle. 

Distribution , Numbers , and Properties. — Natives of fresh- 
water pools in Europe and North America. Callitriche is the 
only genus ; tins includes several varieties or species. Their 
properties and uses are unknowm. 

Natural Order 21 G. Euphorbiace^e. — T he Spurgewort 
Order. — Character. — Trees , shrubs , or Jwrbs, usually with an 
acrid milky juice. Leaves alternate or opposite, simple (fig. 327) 
or rarely compound, and with or without stipules. Flowers uni- 
sexual (figs. 519, 546, 622, and 1029), monoecious (fig. 1029) or 
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dioecious, axillary or terminal, sometimes enclosed in a calyx- 
like involucre (fig. 1029, i) ; achlamydeous (figs. 519 and 622), 
or with a lobed (figs. 546, 636, c ) inferior calyx, having on its 
inside glandular or scaly appendages (fig. 636, t, and 1029, b), 
or even evident petals (figs. 546, p, and 636, p), which are 
either distinct or united. Male flowers consisting of 1 (figs. 524 
and 1029, fm) or more stamens (fig. 546, e), distinct or united 
(fig. 540, a), and 2-celled anthers. Female flowers with a superior 
ovary (figs. 636 and 637), which is either elevated upon a stalk 
(fig. 1029, ff) or sessile (figs. 636 and 637), 1- 2- 3- or rnany- 
celled ; styles either absent or corresponding in number to the cells 
of the ovary, entire or divided (figs. 622, 636, and 637); stigmas 



Fig. 1029. Monoecious head of flowers of a species of Euphorbia . i. Invo- 
lucre, a portion of which has been removal in front. </, g. Glands on the 
divisions of the involucre, b, b. Scales or bracts at the base of the flowers. 

Male flowers, each consisting of a stamen supported on a pedicel, 
to whieli it is articulated, ff. .Female flower, supported on a stalk. From 

Jussieu. Fig. 1030. Vertical section of a coccus of the fruit of a secies 

of Euphorbia. 

equal in number to the cells of the ovary, or, when the styles 
are divided, corresponding in number to their divisions (figs. 
622, 636, and 637) ; ovules 1 or 2 in each cell, suspended from 
the inner angles (fig. 1030). Fruit either dry, and its parts 
then separating from each other and from the axis (figs. 670 and 
704) and usually opening with elasticity ; or succulent and inde- 
hiscent. Seeds 1 or 2 in each cell, suspended (fig. 1030), often 
arillate or carunculate ; embnjo (fig. 1030) in fleshy albumen, 
with flattened cotyledons, and a superior radicle. 

Diagnosis. — Herbs, shrubs, or trees, commonly with an acrid 
milky juice. Flowers unisexual, monoecious or dioecious. Calyx 
absent or present, and then inferior. Male flowers with one or 
more stamens and 2-celled anthers. Female flowers with a supe- 
rior ovary, 1 or more celled, with 1 or 2 suspended ovules in 
each cell. Fruit of 1, 2, 3, or many dry carpels, which separate 
from the axis and from each other, and usually open with elas- 
ticity ; or fleshy and indehiscent. Seeds suspended ; embryo in 
fleshy albumen, with a superior radicle. 
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Distribution , Examples , and Numbers. — They are more or 
less distributed over the globe, and are especially abundant in 
Equinoctial America. Examples of the Genera: — Euphorbia, 
Mercuriaiis, Ricinus, Rottlera, Xylophylla, Buxus. There are 
above 2,500 species. 

Properties and Uses. — These plants generally contain an 
acrid poisonous principle or principles, which is found more or 
less in all their parts. Some are very deadly poisons. But in 
proper doses many are used medicinally as emetics, purgatives, 
diuretics, or rubefacients. A pure starch, which is largely em- 
ployed for food, may be obtained from some plants of the order ; 
while India-rubber may be procured from the milky juice of 
others. A few are entirely devoid of any acrid or poisonous prin- 
ciple and are used medicinally as aromatic tonics. Some have 
edible roots ; others yield dyeing agents ; and several are valu- 
able on account of their wood. 

Aealtjpha indica. — The expressed juice of the leaves possesses emetic and 
expectorant properties. The root is purgative. 

Aleurites triloba , the Candle-nut tree. — This plant is a native of the 
Moluccas, Cochin China. New Caledonia, &c. ; it yields a fruit called the 
Baneoul Nut or Candle Nut. The seeds yield by expression an oil called 
Kekui or Kekune ; this is largely employed in some parts of the world, and 
has been imported into London. It is used as an artist’s oil, and has also been 
recommended as a purgative. It is said to resemble castor oil in its action. 
Corewinder states that its illuminating power is superior to that of 
Colza oil ; but other observers say that its purgative power is but very 
feeble, and that it is useless for illuminating purposes. 

Anda brasi'iensis. — The seeds yield bv expression a fixed oil. Both the 
oil and seeds possess active cathartic properties. The oil is also said to 
possess drying qualities superior to even that of boiled linseed oil. The juice 
of the bark is used in Brazil for stupefying fish. 

Burns. — B. sempervirens , the Box-tree, is valuable for its timber, which 
is much used by wood engravers. Its leaves are purgative. Box has like- 
wise been frequently recommended for the treatment of hydrophobia. — B. 
balearica, the Turkey Box, also yields valuable timber. The best is known 
as Turkey Boxwood, and is obtained from regions round the Black and Caspian 
Seas. 

Croton. — The seeds of C. Tiglium constitute the croton seeds of the 
Materia Medica ; these yield by expression the official croton oil , which 
is a powerful hydragogue cathartic in doses of from half a drop to two or 
three drops. It is also employed externally, as a rubefacient and counter- 
irritant. The seeds are likewise used in India as purgative pills, under the 
name of Jamalgata pills. The seeds of C. Roxburghiiy C. Pavana , and C. 
oblongifolius have also purgative properties. — C. Eluteria of Bennett, a 
native of the Bahama Islands and Cuba, yields the aromatic, bitter, and 
tonic bark, commonly known as Cascarilla bark, which is official in the 
British Pharmacopoeia. It has an agreeable smell when burned, hence it 
is also used for iumigation and as an ingredient in pastilles. — C Pseudo - 
Cliina yields the Quilled Copalche bark of Pereira, and C. suberosum is 
probably the source from whence Corky Copalche bark of the same author 
is obtained. Copalche barks in their medicinal properties resemble casca- 
rilla. The aromatic tonic bark known as Malambo or Matias bark is the 
produce of C. Malambo. It is a favourite medicine in Columbia for 
diarrhoea, and as a vermifuge, and is likewise used externally in the fi rm 
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of an alcoholic tincture in rheumatism. It has been also employed with 
good effect in intermittent and some other fevers. In the United States it 
is reported to be used for adulterating ground spices. — C. lacciferum , a native 
of Ceylon, and C. Draco , a native of Mexico, yield resins which are useful 
for making varnishes, &c. The spirituous liquor known in the West Indies 
as Eau de Mantes , and useful in irregular menstruation, is obtained from 
C. balsamiferum. 

Crozophora tinctoria , a native of the South of France, yields by expres- 
sion a green juice, which becomes purplish under the combined action of 
ammonia and the air. This purplish dye is known under the name of 
turnsole. 

Elseococca or Dryandra Vernicia is a native of China and Japan. The 
seeds yield by expression a fatty oil (the Wood Oil of China), which is 
enormously used in China for ‘painting, and for preserving wood-work, 
varnishing furniture, and in medicine. It is also largely exported from 
Hankow. 

Euphorbia. — Some of these plants have succulent stems, much resembling 
the Cactaceac ; but their milky juice will, in most cases, at once distinguish 
them. The acrid resin, commonly called gum euphorbium , the botanical 
source of which has been referred to various species of Euphorbia , as E. 
canariensis, E. officinarum, E. antiquorum , and E. tetragona , has now been 
traced by Dr. Cossun to Euphorbia resinifera of Berg. This drug is a 
dangerous acrid emetic and cathartic when taken internally, and externally 
it is a powerful rubefacient ; its use medicinally is now solely confined to 
veterinary practiee. It is, however, very largely used as an ingredient 
in a kind of paint employed for the preservation of ships’ bottoms. The 
seeds of E. Lathyris , Caper Spurge, are purgative, and yield by expression 
a very active cathartic oil. They were formerly called Semina Cataputise 
tninoris. This plant is called the'Caper Spurge, from the use of its pickled 
fruits by housekeepers as a substitute for ordinary capers. But their em- 
ployment for such a purpose is not altogether free from danger, although 
the process of pickling.would seem, in a great measure, to destroy the acrid 
purgative nature which the fruit possesses in a fresh state. The root of E. 
Ipecacuanha is commonly known as American Ipecacuanha, from its use in 
the United States as an emetic. The root of E. corollata , called Milk- weed 
in the United States, has similar properties. — E. Petitiana and E. Schim - 
periana have very purgative qualities. The root of E. neriifolia is in great 
repute in India as a remedy in snakebites. The acrid milky juice of E. 
antiquorum , E. Nivulia , and E. Tirvcalli jmssesses cathartic and anthelmintic 
properties. Species of Euphorbia, as E. lielioscopia , E. Peplis , and E. den- 
droides , are used in Greece to stupefy fish. 

Fontaiuea Paucheri . — From the seeds of this plant, which is a native of 
New California, a drastic oil may be extracted, which Dr. Heckel says 
closely resembles croton oil in its physiological properties. 

Hevea Guayanensis (Siphonia elastica), Hevea brasiliensis, H. Spruceana, 
and probably other species, natives of Brazil and Guiana, are the sources of 
Para India-rubber, the best commercial variety and the one mostly used in 
this country. The principal source is, however, H. brasiliensis. The com- 
mercial kind of rubber known as Maranham is also probably obtained from 
one or more specits of Hevea. 

Hippomane Mancinella is the famous Manchineel tree. The juice is a 
viruleut poison. It would seem probable that the poisonous principle of 
this plant is volatile, as it has been asserted that some persons have died 
from simply sleeping under it. Seemann states, that if sea-water be applied 
to the eye9 when affected by the poison, it allays the inflammation in an 
effectual manner. 

Jatropha . — The seeds of J. purgans ( Curcas purqans), and those of J. 
muUiftdus ( Curcas muliifidus ), are called Physic Nuts. They yield by 
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pressure fixed oils, and both the seeds and oils are drastic cathartics. The 
seeds of J. multijidus under the name of Purquira or Purquira nuts , are 
largely exported from the Cape de Yerd Islands. They are almost all sent 
to Marseilles to be used in the soap manufacture of that city. The oil may 
also be used for burning, &c. ; it is known as Purguira Oil, and in English 
commerce as Pulza Oil or Seed Oil. The oil of J. purgans is commonly 
distinguished os Oil of Wild Castor Seeds or Jatropha Oil, and is well 
adapted for burning. It is said to be employed for adulterating East Indian 
Croton oil. A decoction of the leaves is used bv the natives of the Cape de 
Verd Islands to excite a secretion of milk. The seeds of J. gossypifolia, 
Bastard French Physic Nut, also possess purgative properties. ' 

Manilwt utilissima ( Jatropha or Janipha Manihol ), Bitter Cassava.— 
Cassavi Meal, which is largely employed in making the Cassava Bread or 
Cakes , in common use by the inhabitants of tropical America ss food, i9 
obtained by grating the washed roots, and then subjecting the pulp to pres- 
sure and drying it over a tire. The roots and expressed juice are virulent 
poisons owing chiefly to the presence of hydrocyanic acid ; but their poison- 
ous nature is destroyed by washing and the application of heat. Cassava 
Starch , Tapioca Meal or Brazilian Arrow-root , and Tapioca , are also pre- 
pared from the roots of Manihot utilissima : thus the fecula, which is de- 
posited from the washed pulp after the juice has been expressed, when dried 
constitutes Cassava Starch ; and Tapioca is prepared by submitting Cassava 
Starch while moist to heat on hot plates. Tapioca is largely employed as a 
dietctical substance in this country and elsewhere. The sauce called 
Cassareep in the West Indies, &c., is the juice concentrated by heat and 
flavoured by aromatics — Manihot Arpi or Janipha LcejUngii , Sweet Cassava, 
has none of the poisonous properties of the preceding plant. It is now 
genei’allv considered as a variety of Manihot utilissima. The root is a com- 
mon article of food in the West Indies and some parts of South America. 
It is as mealy as a potato when boiled. Cassava meal and bread, as well as 
Cassava (starch and Tapioca, are also prepared from the roots of this plant, 
which are distinguished as Sweet Cassava roots. — M. Gtaziovii is the source 
of Ceara India-rubber. 

Oldfiddia africana is the source of the valuable timber known as African 
Oak or African Teak. 

Ompholea triandra. — The juice is sometimes employed in Guiana as a 
Substitute for black ink. The seed from which the embryo has been ex- 
tracted is said to be eatable. 

Phyllanthus. — Phyllanthus Emhlica (Emblica officinalis'), — The fruits of 
this Indian plant constitute Embtic Myrobulans. (Bee Terminalia.) When 
in a dry state they are employed for tanning, and as an astringent in medi- 
cine. The fruits are likewise used as a pickle, or preserved in sugar. The 
bark is also astringent, and the flowers are reputed to be refrigerant and 
aperient. — P. Niruri and P. urinaria are employed as diuretics in India. 

Ricinus communis , the Castor Oil Plant, or Palma Christi. — The plant 
called Kihayon in the Bible, and translated Gourd, is by some considered to 
refer to this species. This plant and other species or varieties are largely 
cultivated in the East and West Indies, America, Italy, and some other 
parts of the world, for their seeds, which are commonly called Castor Seeds. 
The leaves have been recommended as an external application, and for 
internal administration to promote the secretion of milk. Castor oil is ob- 
tained from the seeds, either by expression with or without the aid of heat, 
or by decoction, or by the aid of alcohol. The oil employed in India, 
England, the United States, and with few exceptions now in "other parts of 
the world, is obtained solely by expression. Castor seeds when taken whole 
are extremely acrid, and have produced death ; but the oil obtained from 
them is a mild and most efficient non -irritating purgative. This oil is sup- 
posed to owe its purgative properties to the presence of some acrid principle 
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which is contained in both the albumen and embryo, but at present this 
matter has not been isolated. The so-called concentrated castor oil , which is 
sold in gelatine capsules, is generally adulterated with croton oil, and hence 
may produce serious effects when given in particular cases. The Castor-oil 
plant is cultivated in Algeria for the purpose of feeding silkworms upon its 
leaves. The oil has also been u e ed there for burning 

Bottlera tinctoria {Mai Jot us Philippinensis). — The fruit of this plant is 
covered by a red powder which consists of small glands. This powder has 
long been employed as a dye for silk ; for this purpose it is commonly 
mixed with alum and carbonate of soda, See., when it produces a deep 
durable beautiful orange or flame colour. The dye is known at Aden under 
the name of Waras or Wurrvs. It is designated in the Indian bazaars, 
Kamala. The root of this plant Is also reputed to be useful in dyeing! 
Kamala is likewise much employed in India as an anthelmintic, and exter- 
nally in certain cutaneous diseases. The Arabs also use it in leprosy, See. 
Kamala has been introduced into the British Pharmacopoeia, and is said to he 
especially useful for the expulsion of tamia. But in this countrv its use 
has not been attended with much success. Kamala has also beerTused ex- 
ternally in this country in herpetic ring-worm. Dr. Fllickiger has described 
in the Pharmaceutical Journal another kind of Kamala possessing similar 
properties, and which is also derived from a species of Rottlera or Mallotus. 

Siillingia. — S. sehifera is called the Chinese Tallow Tree, from its seeds 
being covered by a white sebaceous substance, which, when separated, is 
found to be a pure vegetable tallow ; it is used for candles, See. The plant 
has now been successfully acclimatised in Algeria. — & sylvatica , Queen’s 
Delight. The root is official in the United States Pharmacopoeia. It is 
known as Queen’s Root, and is used as an emetic, cathartic, and alterative. 
It is reputed to be very serviceable in several skin diseases. 


Natural Order 217. Scepaceje, — T he Scepa Order. — Dia- 
gnosis. — This order is closely allied to Euphorbiaceae, from which 
it may be distinguished by its flowers being amentaceous. 

Distribution , Numbers , a'nd Properties. — Natives of the East 
Indies. There are 6 species. The wood of Aporosa {Scepa or 
Lepidostachys) Boxburghii is called Coeus or Kokra. It is very 
hard, and is chiefly employed for flutes and similar musical 
instruments. 

Natural Order 218. EMPETRACEiE.— 1 The Crowberry Order. 
— Character. — Small Heath-like evergreen shrubs. Leaves 
exstipulate. Flowers axillary, unisexual. Valyx of 4—6 per- 
sistent imbricated hypogynous scales, tlie innermost occasionally 
petaloid and combined, Stamens alternate with, and equal in 
number to, the inner sepals. Ovary superior, placed on a disk, 
2— 9-celled ; omles solitary. Fruit fleshy, composed of from 
2 — 5 nuts. Seed solitary in each nut, ascending ; embryo with 
an inferior radicle. 

Distribution , Example. is, and Numbers. — Mostly natives of 
Northern Europe and North America. Examples of the Genera : 
— Empetrum, Corema. There are 4 species. 

Properties and Uses. — The leaves and fruit are generally 
slightly acid. The berries of Empetrum nigrum , the Crowberry, 
are eaten in the very cold parts of Europe, and are also employed 
in Greenland in the preparation of a fermented liquor. In Por- 
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tugal, the berries of Corema are used in the preparation of a 
beverage which is said to be useful in febrile oomplaints. 

Natural Order 219. Batidace^e. — The Bath Order. — This 
supposed distinct order only contains a single plant, the Batin 
maritima , a succulent shrubby species, native of the West 
Indies, where it is occasionally used as an ingredient in pickles. 
Its ashes also yield barilla. Some authors regard this genus as 
belonging to Chenopodiaceae. 

Natural Order 220. Nepenthace^e. — The Pitcher-Plant 


Order. — Character . — Herbs or somewhat shrubby plants. 
Leaves alternate, and terminated by a 

pitcher which is provided with an articu- Fig. 1031. Fig. 1032. 


lated lamina (Jig. 385). Flowers terminal, 
racemose, dioecious. Calyx inferior, with 
4 divisions. Stamens usually 16, united 
into a column ; anthers 2-celled, extrorse* 
Ovary superior, 4-angled, 4-eelled. Fruit 
a capsule, 4-celled, with loculicidal dehis- 
cence. Seals very minute, numerous, albu- 
minous ; embryo with an inferior radicle. 

Distribution , Numbers , and Properties. 
— Natives of swampy ground in China and 
the East Indies. Nepenthes is the only 
genus ; it includes about 14 species. Their 
properties are unknown, 

Natural Order 221. Abistolochiace^e. 
— The Birth wort Order. — Character. — 
Herbs or climbing shrubs. Leaves alter- 
nate. Flowers axillary, perfect (Jig. 1031), 
dull-coloured. Calyx tubular, superior 
(Jig. 1031), with a valvate aestivation. 
Stamens 6 — 12, arising from the top of the 
ovary, and either attached to the style 
(Jig. 1032) or distinct ; anthers extrorse. 



Fig. 1033. 


Fig. 1031. Vertical section 
of the flower of the com- 
mon Birthwort(<4n$fo/o- 
chm Clemntitit). Fig. 


Ovary inferior (Jig. 1031), 3 — 6- celled ; 1032. The gynoecium and 
style simple ; stigmas radiating (Jig. 1032), !^^^033. ^rans- 
and corresponding in number to the cells verse section of the seed. 


of the ovary. Fruit capsular or succulent, 


3 — G-celled. Seeds numerous, albuminous (Jig. 1033) ; embryo 
V9ry minute (Jig. 1033). 

Distribution , Examples , and Numbers . — Sparingly distributed 
in several parts of the world, but most common in tropical 
South America. Examples of the Genera : — Asarum, Aristolochia. 


There are about 130 species. 

Properties and Uses . — Birthworts contain a bitter principle 
and a volatile oil ; they generally possess tonic, stimulant, and 
acrid properties. Many of the species are regarded in various 
parts of the world as useful in curing the effects of snake- 


bites. 
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Aristolochia, Birthwort. — Several species have been employed for centu- 
ries in medicine, principally on account of their supposed emmenngogue 
properties, and hence the name of Birthwort which is applied to the genus. 
The roots of A. longa , A. rotunda , A. Clematitis , and others, have been thus 
used. They all possess stimulant and tonic properties. The powdered root 
of A. longa was an ingredient in the once celebrated Duke of Portland's pow- 
der for gout. Several of the species have been reputed specifics for snake- 
bites, but without any satisfactory proof. — A. anguicida is supposed by 
Lindlev to be the celebrated Guaco of the Columbians. The juice of its root, 
as wolf as that of many other species, is said so to stupefy snakes that they 
may be handled and played with. — A . Serpentaria, Virginian Snake-root. 
The rhizome and rootlets are official under the name of Serpentary root. 
Serpentarv was originally introduced into this country and elsewhere as an 
antidote to snake-bites, but it has no efficacy in such ca c cs. It is, however, 
a valuable stimulant, tonic, and diaphoretic, and is especially useful in fevers 
of a low or tvphoid character. An allied species, A . reticulata , a native of 
the Western United States, is also official in the United States Pharmacopoeia. 
It yields the Texan or Red River Snake root , which has similar properties 
to the ordinary Vireinian Snake-root ; and is frequently substituted for 
it in commerce.— A. indica is in high repute in India as a stimulant, tonic, 
and emmeragogue. — A. biacteata is regarded in India as an anthelmintic. 
— A. recurvilabra, is the source of the drug which is highly esteemed by the 
Chinese, and known as ‘Green Putchuk.’ It is reputed lobe a powerful 
purgative, emetic, and anthelmintic. It is principally employed as an 
antidote against snake-bites, and likewise as a remedy for burns and in- 
digestion. It is also largely used for the purpose of making incense 
sticks. 

Asarum. — A. europwvm, Asnrabacca, possesses acrid properties. It has 
been employed m medicine as an emetic, and as an errhine in headache and 
ophthalmia. Its powder is supposed to constitute the chief ingredient in 
ctphalic snuff. — A. cauadense , Canada Snake-root or Wild Ginger, has 
aromatic properties. The rhizome is used in the United States as a tonic, 
diaphoretic, and aromatic stimulant. 

Bragantia. — The juice of the leaves of R. Wallichii is regarded as an 
antidote in sn a k e-bites, more especially in that of the cobra. — B. tomentosa 
is used by the Japanese as an emmenagogue. 

Natural Order 222. Santalaoe^. — The Sandal-Wood Order. 
— Character. — Ileibs, slaubs, or trees. Leaves entire, alter- 
nate. Flowers usually perfect. Calyx superior, 4—5-cleft, 
valvate in aestivation. Stamens perigynous, equal in number to, 
and opposite the segments of, the calyx. Ovary 1-celled, infe- 
rior ; omles 1 — 4, usually suspended ; placenta free-central. 
Fruit indeliiscent, 1-seeded. Seed with a quantity of fleshy 
albumen ; embryo straight, minute ; radicle superior. 

Distribution, Examples, and Numbers. — Natives of various 
parts of the world. The species found in North America and 
Europe are inconspicuous herbs ; those of India, Australia, Ac. , 
are trees or shrubs. The genus Tlmium is partially parasitic 
on the roots of other plants. Examples of the Genera : — Fusanus, 
Santalum. There are about 120 species. 

Properties and Uses.— Some of these plants, as Thesium are 
slightly astringent ; others have a fragrant wood ; and a few 
produce edible fruits and oily seeds. 

Fusanus acumhiatus ( Santalum eggnorum) is the Quandang Nut of Aus- 
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tralia. The fruit is edible and resembles Almonds in flavour. This tree 
also yields a kind of sandal wood. (See Santalvm.) 

Santalum. — S. album is a native of India. The wood called Sandal Wood 
is remarkable for its fragrance. It is sometimes used as a perfume *, but its 
chief consumption is for incense in the Chinese temples, and in India in the 
celebration of sepulchral rites, where pieces of Sandal wood are placed by 
the wealthy in (he funereal pile. The wood is also much used by cabinet 
makers for caskets and other purposes. In India and other parts of the 
Ea^t it is also employ ed medicinally as a sedative and for its refrigerant 
properties. By distillation it yields a fragrant volatile oil, which is esteemed 
as a perfume, and has recently been recommended as a remedy in gonorrhoea. 
— S. Freycinetiaumn and $. pyrvlarium produce the Sandal-wood of the 
Sandwich Islands; S. Yasi, a kind of San dal -wood from the Fiji Islands; 
$. austro-caledonicum, that Irom New Caledonia ; and S. cygnorvm (Fusanus 
acuminatus ), and N. spicatum , that from Western Australia. (See Fusanus.) 

Natural Order 223. Loranthacejs. — T he Mistletoe Order. 
— Character. — Parasitic shrubs. Leaves commonly opposite, 
exstipulate, greenish. Flowers perfect or dioecious. Calyx 
superior, with 3—8 divisions ; i estivation valvate ; sometimes 
absent. Stamens equal in number to, and opposite the lobes 
of, the calyx. Ovary inferior, 1-celled, with 1 — 3 ovules, erect 
or suspended, and a free-central placenta. Fruit commonly 
succulent, 1-celled, with a solitary seed ; embryo in fleshy 
albumen, with the radicle remote from the hilutn. 

Many botanists place this order among the Oorolli Horse, and 
near Caprifoliacese, as the genus Loranthus has a cup-like 
expansion external to the floral envelopes, which is regarded by 
many as a true calyx, and what we have called a calyx above, 
as a corolla. We follow the arrangement of Lindley, who re- 
gards this cup-like body as an expansion of the pedicel. Miers, 
again, has separated this order into two, which he has respec- 
tively termed, Loranthacem and Yiscacem : Loranthaceee being 
usually characterised by its large showy crimson dichlamydeous 
perfect flowers, long stamens, and an ovary with a solitary 
suspended ovule ; and Yiscaceoe by its small pallid dioecious 
monochlamydeous flowers, with stamens sessile or nearly so, and 
1-celled ovary with 3 ovules attached to a short free-central 
placenta, one of which only becomes perfected. 

Distribution , Examples , and Numbers. — They are principally 
found in the hotter parts of America and Asia. Three species 
are natives of Europe, and a few occur in Africa and some other 
regions. Examples of the Genera: — Myzodendron, Yiscum, 
Loranthus. There are above 400 species. 

Properties and Uses. — Unimportant. Some are astringent. 

Loranthus tetrandvs , a native of Chili, produces a black dye. 

Viscum album is the common Mistletoe. It is parasitic on many trees 
in this country, as Willows, Thorns, Limes, Elms, Oaks, Firs, and especially 
the Apple tree. The Mistletoe of the Oak. which is very rare, was an ob- 
ject of superstitious veneration by the Druids. The fruit has a viscid pulp, 
which is sometimes employed for making bird-lime. It is said that the 
fruits when eaten produce severe poisoning symptoms, the effects resembling 
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those of alcoholic intoxication. Its bark has astringent properties. The plant 
is now out of use as a medicinal agent, but was formerly in great repute as 
an antispasmodic. The leaves of V. monoicum , parasitic on Strychnos Nux- 
vomica, were found in India to possess similar poisonous properties to that 
plant, from growing upon it, and to be useful in like cases to it in medicine. 

Natural Order 224. Helwingiaoe^e. — The Helwingia Order. 
— Character. — The order only contains a single known species, 
Helwingia rusci folia ; this is a shrubby plant found in Japan, 
the leaves of which are employed as an esculent vegetable. 
Lindley considers it as nearly allied to Garryacese, from which 
it is chiefly known by its alternate stipulate leaves, fascicled 
flowers, and 3 — 4-celled ovary. 

Natural Order 225. Garryaceje. — T he Garrya Order. — 
Character. — Evergreen shrubs. Leaves opposite, exstipulate. 
Flowers unisexual, amentaceous. Male flower with 4 sepals , and 
stamens alternating with them. Female flower with a superior 
2-toothed calyx , and 1-celled ovary with 2 styles, and 2 pen- 
dulous stalked ovules. Fruit indehiscent, baccate, 2-seeded. 
Seed with a very minute embryo, albuminous. 

Distribution , Examples , and Numbers. — Natives of the tem- 
perate parts of North America, or of the West Indies. Examples 
of the Genera : — Garrya and Fadyenia. These are the only 
genera ; they include 6 species. 

Properties and Uses. — But little is known of the properties 
of these plants ; but Garrya Fremontii , a native of California, 
is known as the Quinine Bush from its leaves being used m fevers 
and ague. 

Natural Order 220. Juglandace^e. — T he Walnut Order. — 
Trets. Leaves alternate, pinnate, exstipulate. Flow* t s unisexual 

Fig. 1035. 


Fig. 1034. Stammate amentum 
of the Walnut tree (. Tvglans 
regia) : the flowers are se- 
parated by scaly bi acts. 

Fig. 1035. Seed of the same. 




{fig. 1034). Male flowers in amenta {fig. 1034) ; calyx 2 — 6- 
partite, irregular. Female flowers solitary, or in small terminal 
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clusters ; calyx superior, regular, 3— 6-lobed ; ovary inferior, 
2 — 4-celled at the base, 1-celled above ; ovule solitary, erect. 
Fruit called a tryma (page 310). Seed (Jig. 1036), 2 — 4-lobed, 
without albumen ; embryo with sinuous oily cotyledons, and a 
short superior radicle. 

Distribution , Examples , and Numbers. — Chiefly natives of 
North America, but a few are found in the East Indies, Persia, 
and the Caucasus. Juglans regia , the Walnut tree, is a native 
of the countries between Greece and Cashmere. Examples of 
the Genera : — Juglans, Carya. There are about 30 species. 

Properties ai\d Uses. — Chiefly important for their valuable 
timber, and for their oily edible seeds. 

Carya. — Carya alba is the common Hickory, valuable for its timber, and 
for its edible seeds, •which are known as Hickory Nuts. — C. oliveejormis 
yields an olive-shaped or elliptical seed resembling the Walnut and Hickory- 
in flavour, and which is known as the Peccan Nut. These nuts have the finest 
flavour of any species of this genus ; they also yield a fixed oil by pressure, 
which is palatable. Both Hickory and Peccan nuts are occasionally im- 
ported into this country — C. porcina jdelds an edible seed which is termed 
the Pig or Hog Nut. It is consumed by pigs, squirrels, &c. Its wood is 
regarded as superior to that of either of the other species of Carya. 

Jug'ans. — J. regia , the Walnut, is valuable for its hard rich deep* 
brown beautifully marked wood. This is much employed in ornamental 
furniture work, and for gun stocks. The unripe limit is also used for 
pickling. The seed of this plant is our well-known edible Walnut. This 
yields by expression a useful fixed oil of a drying nature like Linseed oiL 
It may oe employed for burning in lamps and in cookery. The pericarp has 
had a reputation as a vermifuge from the time of Hippocrates. The bark 
possesses cathartic properties. — J. nigra, the Black Walnut, a native of 
North America, is also esteemed for its timber. — J. alba or cinerea, the 
White Walnut or Butter-nut, is another useful timber tree. The inner bark 
of its root, which is official in the United States Pharmacopoeia, is employed 
as a mild purgative. When applied to the skin it also acts as a rubefacient. 
The unripe fruit is used for pickling ; and the ripe seed is edible like our 
common walnut. 

Natural Order 227. Corylace^e or Cupitlifer.e. — T he Oak 
Order. — Character. — Trees or shrubs. Leaves (jig. 201) alter- 

Fig. 1036. Fig. 1037. Fig. 1038. 



Fig. 1036. Male flower of a species of Oak (Quet>cus)\. Fig. 1037. Female 

flower of the same. Fig. 1038, Transverse section of the female flower. 


nate, usually feather- veined (fig. 308), simple, with deciduous 
stipules. Flowers monoecious. Male flowers (fig. 3 036) clustered 
or in amenta (fig. 302) ; stamens 5 — 20 (fig. 1036), inserted into 
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the base of a membranous valvate calyx, or of scales. Female 
flowers (fig. 1037) solitary or clustered, and surrounded by an 
involucre of bracts (Jig. 1037), which ultimately form a cupule 
(figs. 395 and 396) round the ovary and fruit ; ovary inferior, 
surmounted by a rudimentary calyx, 3 (fig. 1038) or more celled ; 
ovules 2 in each cell or solitary, pendulous or peltate ; stigmas 
almost sessile. Fruit a glans or nut (figs. 395 and 39G). Seeds 
1 or 2, without albumen. 

Distribution , Examples, and Numbers. — They abound in the 
forests of temperate regions. A few occur in the high lands of 
tropical and hot climates. Examples of the Ge'nera : — Carpinus, 
Corylus, Castanea, Quercus. There are nearly 300 species. 

Properties and Uses . — Most important on account of their 
valuable timber. Many yield edible seeds, and some have 
highly astringent barks and cupules. 

Carpinus. — C. Betulus, the Hornbeam, and C. americanus, are well known 
for their timber, which is principally employed for making agricultural im- 
plements, and for the cogs of mill wheels. 

Castanea. — C. vulgaris ( vesea ) is the Spanish Chestnut, which is rntich 
cultivated for its timber, and for its nuts which are so well known for their 
edible properties. They are principally imported from Spain, where they 
aie largely employed as an article of food by the agricultural classes. — 6\ 
americana , a native of the United States, also yields a much smaller, but 
very sweet kind of Chestnut, which has been occasionally imported. 

Corylus Avellana , the common Hazel, is the origin of the most anciently 
URed and most extensively consumed of all our edible nuts. There are 
several varieties of the Hazel, as the White, Red, and Jerusalem Filberts ; 
the Great and Clustered Cobs ; the Red Smyrna, the Black Spanish, and 
the Barcelona Nuts, &c. The importation of these alone into this country 
is, on an average, 150,000 bushels a year. The oil which is obtained from 
them by expression is occasionally employed by artists and watchmakers. 
Good charcoal is also obtained from the branches of the Ilazel. 

Fagus. — F. sylvatica, the Common Beech, is well known for its timber. 
The fruits (Beech-mast) form n food for pigs. The fruit of F. ferruginea is 
eaten in North America. The seeds of some species yield by expression a 
fixed oil. 

Ostrya vulgaris ( virginica ) possesses averv hard wood, which in America 
has been called in consequence Iron-wood. It is also termed Lever- wood 
from its being used for making levers. 

Quercus. — The timber of several species of this genus is employed 
for ship-building, and other important purposes : namely, that of the Q. 
Robur , the common British Oak, of which there are two varieties, which by 
some are regarded as distinct species, and called Q. pedunculata and Q.sessili- 
flora ; that of the Q. Cerris , Turkey or Adriatic i >ak ; of the Q. alba , White 
Oak ; the Q. rubra y Red Oak ; the Black Oak ( Q. tinctoria ) ; the Q. Ilex ; and 
the Live Oak (Q. virem ), and others. Many Japanese species also yield valu- 
able timber. The bark of several species is astringent, and largely employed 
in tanning, &c. ; that of Quercus pedunculata is most esteemed. The dried 
bark of the young branches and stems of this plant is official in the British 
Pharmacopceia, and is employed in medicine as an astringent and tonic. 
The fruits ( acorns ) of this and the other species or varieties which are 
natives of this country have been also generally recommended as food for 
cattle, but recent experience would seem to show tiiat they possess injurious 
properties. The outer bark of Quercus Svber, the Cork Oak, constitutes 
the cork of commerce. The bark obtained from the younger branches of 
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the same tree is also imported into this country from Spain. It is commonly 
known as European Alcornoque Bark, and is used for tanniug purposes. (See 
Boudichia.) The inner bark of older stems is also imported as cork-tree 
bark , and similarly employed. — Quercus JEgylopt, The acorn-cups ( cvpvles ) 
of this species are imported from the Levant under the name of Vatonia ; 
the dried half-matured acorns of the same plant are also imported under the 
name of Camata ; and the very young ones as Camalina. These three 
articles are valuable for their tanning properties. — Quetrus tinctoria , the 
Black Oak, has already been noticed as a valuable timber tree. Its hark 
is called Quercitron Bark, it is used for tanning, and in this country its 
inner portion is also employed for ityeing yellow. The bark of this species 
and that of Quercus alba are official in the United States, where they are 
employed for their astringent, febiifugal, and tonic properties. The bark 
of Q. aquatira, a Xorth American species, and that of Q. llea\ a South 
European species, is also employed by tanners. — Quercus sinensix, a native 
of China, yields a dye. — Quercus cocrifera , the Kermes Oak, has its voung 
branches attacked by a species of Coccus , by which little reddish balls are 
formed upon their surface, v hieh were formerly much used as a crimson 
dye. The young branches of ( )ak trees are especially liable to be punctured by 
insects, by which the morbid excrescences commonly called galls are produced. 
The more import ant of these excrescences form the Nut Galls of commerce, 
and the large Mecca or Bussora/t Galls of Pereira. The latter are also called 
Dead-sea Apples , Mad Apples , and Apples of Sodom : they are produced by 
Ci/nips insauu on the Quercus infei toria. The former are produced on the 
branches of Quticus inject or ta by the Cyttips Gallo 1 tinctoria*. They are alone 
official, and are extensively employed in tanning, for the preparation of the 
official tannic and gallic acids, for making ink, and for other purposes in 
the arts. They likewise possess tonic, astringt lit, and antiperiodic properties. 
Pereira also regarded them ns a valuable antidote in poisoning by Tartar 
Emetic. The best Nut Galls come from the Levant. Two kinds are commonly 
distinguished under the names of blue and white galls. The dark-coloured 
galls, which are also imperforate, aie the most valuable. The round smooth 
galls, now frequently found on the lower branches of the oaks in this 
country, although containing tannic acid, are far less valuable than com- 
mercial nut-galls. These are formed by the Cynips Kollari of Giraud. The 
acorns of some species of Quercus , as Q. Ballota , Q. Gramuntiu , Q. 
JEsculus , and Q. Jliudsii , are edible ; also those of Q. cot nea, in China, and 
of Q. cusjridata , in Japan. 

Natural Order 228. MYKiCAtT:^:. — The Gale or Bog- 
Myrtle Order. — Character. — Shrubs, with alternate simple 
resinous-dotted leaves. Flowers unisexual, amentaceous. Male 
flowers achlainydeous ; stamens definite. Female flowers with a 
1-celled ovary , and 1 erect ovule ; fruit drupaceous ; seed soli- 
tary, erect ; embryo without albumen ; radicle, superior. 

Distribution, Examples, and Numbers . — Natives of the tem- 
perate parts of Europe and North America, and of the tropical 
regions of South America, India, and the Cape of Good Hope. 
Examples of the Genera : — Myrica, Comptonia. There are about 
20 sfiecies. 

Froperties and Uses . — The plants of this order are chiefly re- 
markable for aromatic and astringent properties. 

Comptonia asplenifolia , Sweet Fern, is employed in the United States 
as an astringent and tonic in diarrhoea. 

Myrica. — M. cerifera , the Waxberry, Candleberry, or Wax Myrtle. The 
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bark of the Toot is extensively used in the United States as a stimulant as- 
tringent in diarrhoea and dysentery. The fruits when boiled yield the kind 
of wax known as Myrtle Wax. Other s]>ecies of Myrica yield a somewhat 
similar waxy sobstance. The fruit of M. sapida is eaten in Nepal. Its 
bark is an aromatic stimulant, and is employed in some parts of India as a 
rubefacient and sternutatory. — M. Nagi is cultivated in Japan for its edible 
fruit, which is eaten both raw and when cooked. 

Natural Order 229. Casuarinace,®. — The Beef -wood 
Order. — Character. — Trees, with pendulous jointed striated 
branches, without evident leaves . Flowers in bracteated spikes 
or heads, unisexual. Male flowers with 2 sepals united at their 
points, and 2 alternating bracts ; 1 stamen , and a 2-celled 
anther . Female flowers in dense spikes or heads, naked, but each 
having 2 bracts ; ovary 1-celled, with 1 — 2 ascending ovules , and 
2 styles. Fruits winged, indehiscent, collected together into a 
cone-shaped body under the thickened bracts. Seeds without 
-albumen ; radicle superior. 

Distribution and Numbers. — These plants are principally 
natives of Australia. They are called Beef-wood trees from the 
colour of their timber somewhat resembling that of raw beef. In 
general appearance they much resemble the branched Equiscta. 
Casuarina is the only genus ; it contains about 32 species. 

Properties and Uses. — The species of Oasuarim yield very 
hard and heavy timber, and the bark of some is said to be tonic 
and astringent. 

Casuarina. — Several species produce valuable timber, which is chiefly 
used in this country for inlaying and marqueterie. The wood is known 
under the names of Beef-wood, Botany Bay Oak, Forest Oak, He-Oak, 
She-Oak, &c. The bark of C. muricata is an excellent astringent, and is 
in use in India. 

Natural Order 230. Betulaoe.®. — The Birch Order. — 
Character. — Trees or shrubs. Leaves simple, alternate, with 
deciduous stipules. Flowers unisexual, amentaceous, with no 
true calyx , but in its place small scaly bracts, which in some 
cases are arranged in a whorled manner. Male flowers with 2 
or 3 stamens opposite the bracts. Female flowers with a 2-celled 
ovary, and 1 pendulous ovule in each cell. Fruit dry, indehiscent, 
1-celled, 1-seeded, without a cupule. Seed pendulous, exalbu- 
minous ; radicle superior. 

Distribution, Examples, and Numbers. — They are principally 
natives of the colder regions in the northern hemisphere. 
Examples of the Gemra: — Betula, Alnus. These are the only 
genera ; there are about 70 species. 

Properties and Uses. — They are valuable for their timber, and 
for their astringent, tonic, and febrifugal barks. 

Alnus. — A. glutinosa, the common Alder. — Its wood is valuable for the 
piles of bridges, and in other cases where entire submersion in water or 
damp earth is required. Its bark is astringent, and has been used iu medi- 
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cine, and for tanning and dyeing. The leaves and catkins have similar 
properties. The wood is also employed for making charcoal, which is much 
valued for the manufacture of gunpowder. The bark' of A. incana is used 
in Kamtschatka for making a kind of bread. 

Betvla. — B. alba . the common Birch, yields the timber known as Norway 
Birch. The wood is also employed for making charcoal. The bark yields a kind 
of oil, which gives the peculiar odour to Russian leather. The sap contains 
in the spring a good deal of sugar, hence it is then used in the preparation 
of a kind of wine; this is commonly known as Birch wine, and is employed 
in domestic practice for those afflicted with stone or gravel. — B. nigra , 
the Black Birch of North America, is also valuable for its timber. Its sap, 
like that of B. alba and B. Icnta , yields sugar of good quality, and wine may 
be also prepared from it. — B. papyracea has a thick tough bark, which is 
used by the Indians in North America for boats, shoe-soles, and other pur- 
poses. The bark of B. Bhajapaltra is employed in India as a kind of paj>er. 
The bark of B. lenta , known in the United States as Sweet Birch or Cherrv 
Birch, yields by distillation a volatile oil, which is said to be identical with 
that of the Gaultheria procumbens. 

Natural Order 231. LiQriDAMBARACEiE or Altingiaoeje. — 
The Liquidambar Order. — Character. — Balsamiferous trees , 
with simple or lobed alternate leaves , and deciduous stipules. 
Flowers unisexual, involucrate, amentaceous. Male flowers 
naked, with numerous nearly sessile anthers. Female flowers 
with a 2-celled ovary , the whole flowers collected into a globular 
head ; omdes numerous. Fruit a cone-shaped body, composed 
of 2-celled capsules enclosed in hard scales. Seeds winged, 
peltate, albuminous ; embryo inverted ; radicle superior. This 
order is now frequently included in the Hamamelidacese. 

Distribution and Numbers. — Natives of North America 
and Asia. The only genus is Luiuidambar . It contains 4 
species. 

Properties and Uses. — Chiefly remarkable for fragrant bal- 
samic properties. The species have warm bitter barks. 

Liquidambar ( Altingia ). — L. orientals of Miller, yields our official Liquid 
Storax. (See Sty tax.) This plant is a native of Asia Minor. The storax 
is obtained from the inner bark, which is afterwards used by the Turk* for 
the purpose of fumigation. This bark is the Cortex ThymiamatU or Storax 
Bark of pharmacologists. — L. styraciflua, a native of the United States and 
Central America, yields by incision, or from natural fissures, a balsamic resin 
called Sweet Gum y Liquidambar, or Copalm Balsam. — L. Altingiana , a native of 
the Indian Archipelago and Assam, yields a similar fragrant balsam. In 
their effects and uses, both Liquid Storax and Liquidambar resemble other 
balsamic substances, as the Balsams of Peru and Tolu, Benzoin, &c. — L . 
formosana of Hance, also yields a resin, which is fragTant when heated. 

Natural Order 232. Salicace^e. — The Willow Order. — 
Character. — Trees or shrubs. Leaves simple, alternate, stipu* 
late. Flowers unisexual {figs. 1039 and 1040), amentaceous 
{figs. 410 and 411), naked, or with a membranous or cuplike 
calyx. Male flowers {fig. 1039) with 1—30 distinct or monadel- 
phous stamens. Female flowers with a superior {fig. 1040) 
1- celled ovary , and numerous erect omdes. Fruit 1-celled, 2- 
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valved. Seeds numerous, covered with long silky hairs (Jig. 

745), exalbuminous ; embryo erect, with 
an inferior radicle. 

Distribution , Examples , and Num- 
bers. — Chiefly natives of cold and tempe- 
rate climates. Examples of the Genera : — 
Salix, Populus. These are the only 
genera ; there are about 250 species. 

Properties and Uses. — Many species 
are either valuable as timber, or for eco- 
nomic purposes. The bark commonly 
possesses tonic, astringent, and febri- 
fugal properties. The hairs which in- 
vest the seeds have been employed for 
stuffing cushions, and for other purposes. 
The buds of some species secrete an 
oleo-resinous substance of a stimulating 
nature. 

Popu’us , Poplar. — Several species have been 
used for their timber. The bark is commonly 
tonic, astringent, and febrifugal, which proper- 
ties it owes to the presence of salicin. 

Saliv . — Several species are used for timber, 
and for basket-work ; and also for the manufacture of charcoal. The timber 
is, however, wanting in strength and durability. A peculiar neutral 
principle, a glucoside, resembling the alkaloid quinia in its medicinal 
properties, called salicin , has been obtained from the hark, leaves, or flowers 
of about twenty species of Salix. Put the barks of S. Russelliana , S. alba , 
&. Caprea, S. fragilis S. pentandra , and S. purpurea, yield most of this 
principle. As an antiperiodic, however, salicin is far inferior to quinia. 
Lately, however, salicin has been given successfully in acute rheumatism 
Salicylic acid , which may be obtained from willow bark, and other vege- 
table substances, but is now commonly prepared from carbolic acid, has 
recently, together with its salts, but more especially salicylate of soda, been 
extensively and successfully used in rheumatism. Salicylic acid has also 
been employed with success as an antiseptic, and in various other ways. 
The decoction of willow bark has likewise been found beneficial as an applica- 
tion to foul and indolent ulcers, and in psoriasis and some other chronic 
skin affections. 

The three succeeding orders, namely, the Balanophoracete, 
Cytinaceio, and Rafflesiacese, have been frequently put by bota- 
nists in a class by themselves, which has been placed between 
theCryptogamia and the Phanerogamia, and to which the name of 
Rhizogens or Rhizan these has been usually given. The special 
characteristics of the plants of this class have been stated to be 
their acotyledonous embryo, fungoid texture, and peculiar 
parasitic habit ; but as one or more of such characters also occur in 
several other orders of the Dicotyledones, there does not appear 
to be any sufficiently valid reasons for separating them from these 
plants. By Sir Joseph Hooker, the Balanophoraceee have been 
most intimately examined, and he has arrived at the opinion 


Fig. 1039. Fig. 1040. 



Fig. 1039. Male flower of a 
species of Willow (Salix), 
with two stamens, and a 

single braot at the base. 

Fig. 1040. Female flower of 
the same with bract at the 
base, and a solitary stalked 
ovary and style surmounted 
by two stigmas. 
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that they are allied to the Haloragaceae ; but other botanists 
regard the Rafflesiaceae as related to the Aristolochiacete. 
We place these orders here, not because we believe them to 
have any especial relation to the orders just treated of, but 
simply that, as their position in the Natural System has not 
been definitively determined, they may be well described at the 
end of the Angiospermous Dicotyledons, to which division of 
the Vegetable Kingdom they evidently belong. 

Natural Order 233. Balanophoraceas. — T he Balanophora 
Order. — Character. — Leafless root-parasites with amorphous 
fungoid stems of various colours, but never green ; and under- 
ground more or less fleshy tubers or rhizomes. Peduncles naked 
or scaly, bearing spikes of flowers, which are commonly unisexual, 
bracteated, and of a white colour. Male flowers very evident, 
each with a tubular calyx , which is either entire or 3 — 5 dobed. 
Stamens usually 3 — 5, or sometimes 1, in the former case more or 
less united or distinct. Female flowers minute, with a tubular 
superior calyx y the limb either wanting or present and bilabiate. 
Ovary infeiior, usually 1-celled; styles 2; ovule solitary, pen- 
dulous. Fruit small, more or less compressed. Seed solitary, 
albuminous, with a lateral undivided or amorphous embryo. 

Distribution , Examples , and Numbers. — These plants are 
parasitical on the roots of various Dicotyledonous plants, 
especially in the tropical and sub- tropical mountains of Asia and 
South America. Other species are found in different parts of 
Africa, Australia, &c. Examples of the Genera: — Cynomorium, 
Langsdorffia, Balanophora. There are, according to Hooker, 
37 species. 

Properties and Uses. — Many are remarkable for their astrin- 
gent properties ; others are edible, as 0 mbrophytnm, a native of 
Peru, and Lophopytum of Bolivia ; and some secrete a kind of 
wax, 

Balanophora. — In the mountainous districts of Java the natives make 
candles from a species of Balanophora , as follows : -The parasite is heated 
in an iron pan, after which bamboo sticks covered with cotton are dipped 
into the melted mass, when the waxy substance of the plant adheres to 
them. This so-called wax is, according to Dr. de Vrij, a mixture of at 
least two resins and a vegetable fat. 

Cynomorium coccineum is the Fungus melitensis of pharmacologists. It 
has had a great reputation as a styptic. 

Langsdorffia hypogeea. — Dr. Hooker says that ‘this species yields so large 
a quantity of wax, that candles are made of it in ^ew Granada.’ The 
stems are also said to be collected near Bogota, ‘ and sold under the name 
of Siejos, and used as candles on saints’ days.’ 

Natural Order 234. Cytinaceas. — T he Cistus-rape Order. — 
Character. — Root-parasites with a fungoid texture. Flowers 
perfect or unisexual, and either solitary and sessile, or clustered 
at the top of a scaly Btem. Calyx 3 — 6-partite. Anthers sessile, 
opening longitudinally. Ovary 1-celled, inferior ; ovules very 
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numerous ; placentas parietal. Fruit 1-celled, with numerous 
seeds imbedded in pulp. Seeds with or without albumen ; embryo 
amorphous. 

Distribution , Examples , and Numbers . — Parasitic on the 
roots of Cistu8 1 upon fleshy Euphorbiacese, and upon other suc- 
culent plants. They occur in the South of Europe and Africa. 
Examples oftha Genera: — Cytinus, Hydnora. There are about 
7 species. 

Properties and Uses. — Some have astringent properties, as 
Cytirms Hypocistus. A kind of extract is made from this plant 
in the South of Europe, and used, under the name of Succns 
Hypocistidis , in diarrhoea, and for arresting haemorrhage. — Hyd- 
nora africana has a putrid- animal odour, but when roasted it is 
eaten by the native Africans at the Cape of Good Hope. 

Natural Order 235. Rafflesiace^e. — The Rafflesia Order. — 
Character. — Stemless and leafless parasites (fig. 253) with a 
fungoid texture. These plants consist solely of flowers (fig. 253) 
sessile upon the branches of trees, and surrounded by scaly 
bracts. The flowers are perfect or dioecious. Calyx 5-partite 
(fig. 253), tubular ; the throat surrounded by a number of 
thickened scaly processes, which are either distinct from each 
other or united into a ring. Anthers placed upon a column 
which adheres to the calyx, 2-celled ; and either distinct, and 
each opening by a pore, or united into a many- celled body, and 
opening by a common pore. Ovary 1-celled, inferior ; ovules 
numerous ; placentas parietal. Fruit indehiscent. Seeds very 
numerous, with or without albumen ; embryo amorphous. 

Distribution , Examples , and Numbers. — Parasitic upon the 
stems of Cissi in the East Indies, and on Leguminous plants in 
South America. Examples of the Genera : — Rafflesia, Brugmansia. 
There are about 16 species. 

Properties and Uses . — Some have styptic and astringent pro- 
perties. They are chiefly remarkable for their flowers, some of 
which are of gigantic size. (See page 127.) 


Artificial Analysis of the Natural Orders in the Sub-class 
Monochlamydee or Incomplete. — Modified from Lindley. 

(The Numbers refer to the Orders as previously described.) 


1. Achlamy 

A. Leaves stipulate. 
a. Flowers unisexual. 

Ovary 1-celled. 

Ovules numerous, comose . 
Ovules 1 — 2. 

Ovule erect 
Ovule pendulous 
Ovary 2 or more celled. 

Seeds numerous, winged 
Seeds few, not winged , 


ous Flowers. 


. Salicacew. 232. 

. Myrkaeeee. 228. 

. Platanaceas. 212. 

. Liquidambaraceee. 231. 
. Euphorbiacew. 216. 
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b . Flowers hermaphrodite. 

Carpel solitary. 

Ovule erect. Embryo in a vitellus 
Ovule suspended, ferabryo naked 
Carpels several. 

Ovule erect. Embryo in a vitellus 
B. Leaves exstipulate. 

a. Flowers unisexual. 

Ovule3 very numerous 

Ovules solitary, or very few. 

Flowers naked. 

Ovary 1-cel led 

Ovarv 4 -celled .... 
Flowers in an involucre. 

Antlier-valves recurved 
Anther valves slit. 

Embryo on the outside of the albumen 
Embryo enclosed in the albumen 

b. Flowers hermaphrodite. 

Embryo in a vitellus 

Embryo without a vitellus . 


Piperacese, 188. 
Chlorunthaceae. 1 89. 

Saun.racete. 190. 


Podostemaceee. 191, 


Myncaceae. 228. 
Callitrichaceae. 215. 

Athcrnspermueeae. 199. 

Monimiaceae. 200. 
Kuphorbiateee. 2 1C. 

Piperaceee. 188. 
Podostemacew . 191, 


2. Monoelil amydeous Flowers. 


A. Ovary inferior, or partially so. * 

a. Leaves stipulate. 

1. Flowers hermaplirodite 

2. Flowers unisexual. 

Fruit cupulate ..... 
Fruit naked. 

Many-Needed 

One-'-eedcd 

b. Leaves exstipulate. 

1. Flowers hermaphrodite. 

Ovary 3 — 0 celled. Ovules numerous . 
Ovary 1-celled. Ovules definite. 
Ovules with a naked nucleus . 
Ovules with a coated nucleus. 

Calyx valvate. Embryo straight. 
Calyx imbricate. Embryo curved 

2. Flowers unisexual. 

Amentaceous. 

Leaves alternate .... 
Leaves opposite. 

Simple leaves f , 

Compound leaves .... 
Not amentaceous. . 

Seeds numerous, parietal . 

Seeds solitary, axile . . . . 

B. Ovary superior. 
a. Leaves stipulate. 

1. Flowers hermaphrodite. 
a. Carpel solitary.' 

Stipules ochreate .... 
Stipules distinct .... 


Aristolochiacea\ 221. 

Corylaceae. 227. 

Bego n iacew. 20 1. 

A rtocarpareee. 211. 

Aristolochiaceae. 221. 

Loranthaceee. 223. 

Santalacese. 222. 

Ch enopodia °ete. 181. 


Myricaceae. 228. 

Garryacese. 225. 
Juglandaceae. 22G. 

Datiscaceae. 203. 
Heltvingiaceec. 224. 


Po h/gonaceae. 178 . 
PetiveridtCeae. 186 , 


X X 
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b. Carpels more than one, combined. 

Seeds exalbuminous. 

Calyx imbricate Uhnacete. 207. 

Calyx induplicate Chai ! letiacese. 200. 

Seeds albuminous. 

Styles or stigmas 1. Leaves usually 

dotted Samydaceae. 204. 

Styles or stigmas 2. Leaves not dotted Ulmacese. 207. 

2. Flowers unisexual. 

«. Carpel solitary. 

Cells of anther perpendicular to the fila- 
ment ....... Stilayinaeea. \ 213. 

Cells of anther parallel to the filament. 

Embryo straight. 

Sap watery. Stipules small. Seeds 

albuminous Urticaceae. 208. 

Sap milky. Stipules large. Seeds 

exalbuminous. .... Artocarpaceae. 211. 
Embryo hooked. 

Sap watery. Seeds without albumen. Cetnnahinaceap. 209. 
Sap milky. Seeds with albumen . Moiaceap. 210. 
b. Carpels more than one, combined. 

Flowers amentaceous. 

Seeds arillate. 

Stamen 1 ..... Laci^temacesp. 205. 

Stamens more than 1 . . . . Scepaceap. 217. 

Seeds not arillate Betvlaceee 230. 

Flowers not amentaceous . . . . Euphorbiaceap. 216 

b. Leaves exstipvlate. 

1 . Flowers hermaphrodite. 

a. Carpel solitary. 

Anther-valves recurved. Leafy . . Laura reap. 197. 

Anther-valves recurved. Leafie-s . . Cassythaceee. 198. 

Anthers slit 

Leaves covered with scales . . . Elseagnaceee. 196. 

Leaves not scaly. 

Calyx long or tubular. 

Hardened at base . . . . Nyctaginacem. 179. 

Tube hardened .... Scleranthacew. 183. 
Not hardened in any part. 

Stamens in the points of the sepals Proteacece. 1 95. 
Stamens not in the points of the 

sepals Thymelacese. 192. 

Calyx short, not tubular or but 
siightlv so. 

Flowers in involucels . . . Folygonacese. 178. 

Flowers not in involucels. 

Calyx dry and coloured . . . Amaranthaceee. 180. 

Calyx herbaceous or succulent. 

Stamens livpogj nous or nearly so Chenopodiaceee. 181. 
Stamens perigynous . . . Basellacete. 182. 

b. Carpels more than one, either distinct or 

combined. 

Carpels distinct . ..... Phytolaccacese. 184. 

Carpels combined. 

Seeds exalbuminous. 

Calyx tubular. 
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On arv 2-celled .... Aqvilariaceae. 198. 

Ovary 4-celled .... Pencoacvce. 196. 

Calyx tubular, or imperffOt . . Pndostemacae. 191. 

Seeds albuminous Phytolavcace.ee. 184. 

2« Flowers unisexual. 
a. Carpels solitary, or quite distinct. 

Calyx tubular. 

Anthers opening by recurved valves . Athernspermacesp. 199. 
Antheis opening longitudinally . . Myristicacese. 201. 

Calyx not tubular. 

Seeds cxnlbuminous. Embryo straight. 

Leaves verticillate . . . . Ce> atophyllaceee 214. 

No evident lea\es .... Casual inaceee. 229. 
Seeds albuminous 

Embryo curled round the albumen Chenopodinceas. 181. 
Embryo straight .... Mommiacew. 200. 
h. Carpels more than one, combined. 

Ovules indefinite. 

Leaves with pitchers .... Nvjienthacese. 220. 
Ovules definite. 

Fruit fleshy. Seeds ascending . . Fmpetiaceap. 218. 

Fruit dry. Seeds su- pended. . . Fuphorbiaceee. 21G 

Artificial Analyst* of the JRldsogen* of Lind ley. 

A. Ovules solitary ....... Bulan ophoraceae. 288. 

B. Ovules indefinite. 

Anthers opening bj slits Ci/thiace/r. 234. 

Anthers opening by pores liajfiesiaceee. 235. 

Monochlamydeous or Achlamydeous flowers also occasionally 
occur in plants belonging to the following orders of the Sub- 
classes Thalamiflorm, Calyciflorte, and Corolliflorye. 

1. Thalamiflorte : — Rammeulacc.r , Menispermacea , Papaver- 
acea, Flaconrtiacea, Caryoph yllaa & , Stcrcnliacea, Byttncriacea , 
Tillacca , Malpigliiacea , Batacea, Xa nth ojcylacea , and Geraniacea. 

2. Calyciflorte .' — Gelast race/e , Bhamnacea, Ana cardiac eie , 
Legvminosa, Rosacea, Lgthnv'ea, S axifragacea, Cnnoniacea, 
Parovychiacea, Mesem hryacea, Passifloraccse ’, Myrtacea , Onagi a- 
cea, Haloraqacea, Combretacea, FFamamelidacea , and Araliacca. 

3. CoroUiflora ? : — Oleacea and Primnlan a. 


Class I. DICOTYLEDONES. 

Division II. Gymnospermia. 

Natural Order 236. Conifers or Pinace^e. — The Coniferous 
or Pine Order. — C li a r a c t e r. — Resinous trees or evergreen shrubs , 
with branched continuous stems. Leaves linear, needl -shaped 
(Jig. 336) or lanceolate, parallel- veined, fasciciod (fi,g. 283) or 
iniDricate. Flowers naked, monoecious or dioecious. Male flowers 
arranged in deciduous amenta. Stamens 1 or several, m the latter 
case monad elphous ; avithers 2 or m any-celled, opening longitu- 
dinally. Female flowers in cones (figs. 288, 415, and 1041), con^ 
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sisting of flattened imbricated carpels or scales arising from the 
axil of membranous bracts ; ovules naked, 2 (Jig. 721) or more, 
on the upper surface of each carpel. Fruit a woody cone (jigs. 
288 and 1041) or a galbulus (Jigs. 710 and 717). Seeds naked 


Fig. 1041. 



Fig. 1042. 


Fig. 1013. 




Fig. 1041. A ripe cone of th< 
Larch ( Abies ( Pinus ) Larix 

or Laiix europcea). Fig 

1042. A mature carpel o' 
scale of the Scotch Fil 
(Pin us sylvestris ), with tw< 
winged naked seeds at iti 
base. mic. Micropylo. rh 

Chalaza. Fig. i043. J 

scale of the Larch beariip 
one naked seed ; the othe 
seed has been removed. 


(Jigs. 1042 and 1043), with a hard crustaceous integument, albu 
ruinous ; cotyledons 2 or many (Jig. 702). 

Division of the Order and Examples of the Genera. — This ordei 
has been subdivided as follows : — 

Sub-order 1. Ahietese. — Ovules inverted, with the micropyk 
next the base of the carpel (Jig. 721). Pollen oval. Examples 
— Pinus, Abies, Araucaria. 

Sub-order 2. Cupresseje. — Ovules erect. Pollen spheroidal 
Examples : — Juniperus, Cupressus, Taxodium. 

Distribution and Numbers.-— The plants of this order occiv 
in all parts of the world ; but they abound most in temperat< 
climates. There are about 125 species. 

Properties and Uses. — They possess very important properties 
Many supply valuable timber, and most of the species contaii 
an oleo-resinous juice or turpentine, which is composed of i 
volatile oil and resin. 

Abies. — Several species supply valuable timber, as Abies (Pinus) excelst 
the Norway Spruce, Abies (Pinus) a’ba, the White Spruce, A. (Pinus 
canadensis , the Hemlock Spruce, A. (Pinus) Larix , or Larix europaea , th 
Common Larch, &c. — Abies or Pinus excelsa , the Pinus Picea of Du Ro 
yields by spontaneous exudation a resinous substance which is the origins 
thus of the Materia Medica. This when melted and strained constitutes ou 
official Burgundj' Pitch. The official ‘ Thus ’ is described under Pinus palm 
tris. Good paper has been made from the wood of this species. The leaf-bud 
are used on the Continent in the preparation of a kind of beer, which i 
employed in scorbutic and rheumatic complaints. — Abies or Pinus balsamec 
the Canadian Balsam or Balm of Gilead Fir, yields our official Canad 
Balsam. — Abies or Pinus canadensis , the Hemlock Spruce Fir, yields a 
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oleo-resin resembling Canada Balsam. This is official in the United States 
Pharmacopoeia, and is commonly known as Canada Pitch. — Abies or Finns 
Ficea of Linnaeus, the Finus Abies of Du Roi, the Silver Fir, vields Strasburg 
turpentine. Its leaf-buds, like those of A. excelsa , are employed in the pre- 
paration of a kind of beer, which is used for similar purposes.— fifties (Finns) 
nigra , the Black Spruce Fir. — The young branches of this when boiled in 
water, and the solution afterwards concentrated, yield Essence of Spruce, 
which is employed in the preparation of Spruce Beer. — A. Imtix of Lambert, 
or Finus Larix , the Larir europeea of De Candolle, yields Larch or Venice 
turpentine, and a kind of Manna, called Larch Manna or Manna de Brian^on. 
The bark is sometimes used in tanning. This bark, deprived of its outer 
layer, is now official in the British Pharmacopoeia, and is regarded as stimu- 
lant, astringent, and diuretic. It has been recommended to check profuse 
expectoration in chronic bronchitis, and for various forms of internal naemor- 
rhage. 

Araucaria . — A. imbricata , from Chili, and A. hidwillii, from Moreton 
Bay, have edible seeds. Those of the former are extensively used for food 
by the natives of Chili and Patagonia. It is said, that ‘ the fruit of one 
large tree av ill maintain eighteen persons for a year.’ Both species also 
yield ln.rd and durable timber. 

Callitris quadnvalvis , the Arar Tree, yields the resin called Sandaraeh, 
Juniper resin, or Gum Juniper. It is imported from Mogadore, and is em- 
ployed in the preparation of varnishes. When powdered it is called pounce. 
The wood of t his tree is also very durable, and is used by the Turks for the 
doors and ceilings of their mosques. 

Cedrus. — Cedrus Libani , the Cedar of Lebanon, and C. Deodara, the 
Deodar, are most valuable timber trees. The turpentine obtained from the 
latter is used in India, where it is in great repute in skin diseases and as an 
application to ulcers, under the name of kelon-ke-tel. 

Cupressns, the Cypress. — The wood of some species is very durable. It 
is supposed that the Gopher-wood of the Bible was obtained from species of 
Cup'essvs and other allied Conifers. 

Dammara. — D. australis, the Kawrie or Cowdie Pine of New Zealand, 
produces a timber which is much valued for maaing masts and spars. A 
gum-resin known under the names of Australian Copal, Kawrie Gum, aud 
Australian Dammar, is largely imported into this country ; it is chiedy used 
in the preparation of varnishes. — D. orientalis yields a somewhat similar 
gum-resin, known as Indian Dammar. 

Juniperus — J. communis , the common Juniper. The fruit and the vola- 
tile oil obtained from it and other parts of this plant, have stimulant and 
diuretic properties. The oil distilled in Britain from the unripe fiuit is offi- 
cial in tne British Pharmacopoeia. Oil of Juniper is also used to davour 
English gin and Hollands. Turpentine is, howev er, commonly employed 
for the former on acooupt of its comparative cheapness. Juniper wood has 
a reddish colour, and is used occasionally for veneers. — J. Oxgctdrus.-^ln 
France, a tarry oil, called Huile de Cade, is obtained by dry distillation 
from the wood of this plant ; it is principally used in veterinary medicine. 
The wood is very durable. — J. bermudiana is the Red or Pencil Cedar, and 
J. virginiana , the Virginian Red Cedar. The wood of these is employed for 
Cedar-pencils ; that of the firmer is considered the best. 1 he tops or leaves 
of J. virginiana are official in the United States Pharmacopoeia, where they 
are used for similar purposes, and in like preparations to savine, but they 
are not so effectual m their operation. — J. Sabina , the common Savine. — 
The fresh and dried tops and the oil obtained from the former are official ; 
they have acrid, stimulant, diuretic, and emmenagogue properties. Jn large 
doses they are irritant poisons, and have been frequently taken to cause 
abortion. When locally applied in the form of the official ointment, as a 
dressing to blisters and to issues and setons, they keep up and promote the 
discharge. 
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sisting of flattened imbricated carpels or scales arising from the 
axil of membranous bracts ; ovules naked, 2 (Jig. 721) or more, 
on the upper surface of each carpel. Fruit a woody cone (Jigs. 
288 and 1041) or a galbnlus (Jigs. 710 and 717). Seeds naked 


Fig. 1041. 



Fig. 1042. 


Fig. 1043. 




Fig. 1041. A ripe cone of the 
Larch ( Abus {Pinus) Latix, 

or Larix europaea). Fiq. 

1042. A mature carpel or 
scale of the Scotch Fit 
( Pinus sylvi&tris), with two 
winged naked seeds at its 
base. rmc. Micropyle. <h. 

Chalaza. Fig. 1043. A 

scale of the Larch bearing 
one naked seed ; the other 
seed has been removed. 


(Jigs. 1042 and 1043), with a hard crustaceous integument, albu- 
minous ; cotyledons 2 or many (Jig. 702). 

Division oj the Order and Examples of the Genera. — This order 
has been subdivided as follows : — 

Sub-order 1. Abietex. — Ovules inverted, with the micropyle 
next the base of the carpel (Jig. 721). Pollen oval. Examples : 
— Pinus, Abies, Araucaria. 

Sub-order 2. Cupressex. — Ovules erect. Pollen spheroidal. 
Example s : — Juniperus, Cupressus, Taxodium. 

Distribution and Numbers. — The plants of this order occur 
in all parts of the world ; but they abound most in temperate 
climates. There are about 125 species. 

Properties and Uses. — They possess very important properties. 
Many supply valuable timber, and most of the species contain 
an oleo-resinous juice or turpentine, which is composed of a 
volatile oil and resin. 

Abies. — Several species supply valuable timber, as Abies (Pinus) excelsa , 
the Norway Spruce, Abies (Pinus) a'ba, the White Spruce, A. (Pinus) 
canadensis , the Hemlock Spruce, A. (Pmus) Larix. or Larix europsea , the 
Common Larch, &c. — Abies or Pinus excelsa , the Pmus Picea of Du Roi, 
yields by spontaneous exudation a resinous substanre which is the original 
thus of the Materia Medica. This when melted and strained constitutes our 
official Burgundy Pitch. The official ‘ Thus ’ is described under Pinus palus - 
tris. Good paper has been made from the wood of this species. The leaf-buds 
are used on the Continent in the preparation of a kind of beer, which is 
employed in scorbutic and rheumatic complaints. — Abies or Pinus bafsamea, 
the Canadian Balsam or Balm of Gilead Fir, yields our official Canada 
Balsam. — Abies or Pinus canadensis , the Hemlock Spruce Fir, yields an 
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oleo-resin resembling Canada Balsam. This is official in the United States 
Pharmacopoeia, and is commonly known as Canada Pitch. — Abies or Pinas 
Picea of Linnaeus, the Pinas Abies of Du Roi, the Silver Fir, yields Strasburg 
turpentine. Its leaf-buds, like tho>e of A. excelsa, are employed in the pre- 
paration of a kind of beer, which is used for similar purposes. — Abies ( Pmus ) 
nigra, the Black Spruce Fir. — The young branches of this when boiled in 
water, and the solution afterwards concentrated, yield Essence of Spruce, 
which is employed in the preparation of Spruce Beer. — A. Ijirix of Lambert 
or Pinas Larix , the Larix europsea of De Candolle, yields Larch or Venice 
turpentine, and a kind of Manna, called Larch Manna or Manna de Brian^n. 
The bark is sometimes used in tanning. This bark, deprived of its outer 
layer, is now official in the British Pharmacopoeia, and is regarded as stimu- 
lant, astringent, and diuretic. It has been recommended to check profuse 
expectoration in chronic bronchitis, and for various forms of internal hemor- 
rhage. 

Araucaria . — A. imbricata, from Chili, and A. Bidwillii , from Moreton 
Bay, have edible seeds. Those of the former arc extensively used for food 
by the natives of Chili and Patagonia. It is said, that ‘ the fruit of one 
large tree will maintain eighteen persons for a year.’ Both species also 
yield h..rd and durable timber. 

Callitris quadnvalvis , the Aral* Tree, yields the resin called Sandarach, 
Juniper resin, or Gum Juniper. It is imported from Mogadore, and is em- 
ployed in the preparation of varnishes. When powdered it is called pounce. 
The wood of this tree is also very durable, and is used by the Turks for the 
floors and ceilings of their mosques. 

Cedrus. — Cedrus Libani , the Cedar of Lebanon, and C. Deodar a, the 
Deodar, are most valuable timber trees. The turpentine obtained from the 
latter is used in India, wdiere it is in great repute in skin diseases and as an 
application to ulcers, under the name o t‘ kelon-ke-tel. 

Cupressus, the Cypress. — The wood of some species is very durable. It 
is supposed that the Gopher- wood of the Bible w as obtained from species of 
Cvpiesws and other allied Coniferce. 

JJammara. — D. australis , the Kawrie or Cowdie Pine of New Zealand, 
produces a timber which is much valued for masing masts and spars. A 
gum-resin known under the names of Australian Copal, Kawrie Gum, and 
Australian Dammar, is largely imported into this country ; it is chictlv used 
in the preparation of varnishes. — D. orientalis yields a somewhat similar 
gum-resiu, known as Indian Dammar. 

Juniperus — J. communis, the common Juniper. The fruit and the vola- 
tile oil obtained from it and other parts of this plant, have stimulant and 
diuretic properties. The oil distilled in Britain from the unripe fiuit is offi- 
cial in the British Pharmacopoeia. Oil of Juniper is also used to flavour 
English gin and Hollands. Turpentine is, howe> er, commonly employed 
for the former on account of its comparative cheapness. Juniper wood has 
a reddish colour, and is used occasionally for veneers. — J. Oxycedrus.—ln 
France, a tarry oil, called Huile de Cade, is obtained by dry distillation 
from the wood of this plant ; it is principally used in veterinary medicine. 
The wood is very durable. — J. bermudiana is the Red or Pencil Cedar, and 
J. virginiana, the Virginian Red Cedar. The w*oodof these is employed for 
Cedar-pencils ; that of the former is considered the best. r l he tops or leaves 
of J. virginiana are official in the United States Pharmacopoeia, where they 
are used for similar purposes, and in like preparations to savine, hut they 
are not so effectual in their operation, — J. Sabina , the common Savine. — 
The fresh and dried tops and the oil obtained from the former are official ; 
they have acrid, stimulant, diuretic, and emmenagogue properties, in large 
doses they are irritant poisons, and have been frequently taken to cause 
abortion. When locally applied in the form of the official ointment, as a 
dressing to blisters and to issues and setons, they keep up and promote the 
discharge. 
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Pinua. — Several species of this genus are valuable timber trees ; as P. 
sylveatria, the Scotch Fir, which yields the timber known as Dantzic or 
Kiga Fir, and Russian Deal ; P. Strobus, the White Pine or Deal of the 
United States ; P. mitis and P. paluatris , the Yellow Pine or Deal ; P. 
rigida , P. Lambertiana, &c., &c. The wood of these trees is used to an 
enormous extent in this country, and elsewhere. — Pinua paluatris ( australis), 
the Swamp Pine or Long-leaved Pine, furnishes by far the greater propor- 
tion of the crude oleo-resin known as turpentine, which is consumed in the 
United States, or sent from thence to other countries. — P. Tteda, the Frank- 
incense Pine, and P. Pinaster , the Cluster Pine, more especially the former, 
are also sources from which we derive our supplies of turpentine. The con- 
crete turpentine known as Galipot is also obtained from P. Pinaster ; but the 
official analogous concrete turpentine, known as Terebinthina , Thus Ameri- 
cannm, or Common F/ankincense, is derived from P. paluatris and P. Taeda. 
The crude oleo-resin turpentine yields by distillation the essential oil called 
oil of turpentine or spirits or essence of turpentine, and yellow and black 
resin. — Pinus sylvestns , the Scotch Fir, likewise produces some turpentine, 
and the wood of this and other species of Pinna yields by destructive distil- 
lation the official liquid or wood-tar , and also pitch ; and Creasote, which is 
a product of the dhtillation of Wood Tar. The inner hark of the Scotch 
Fir is used in Norway for making bark bread. From the leaves also of this 
species the substance called Pine- wool or Fir-wool is prepared. It is used 
for stuffing mattresses, &c. ; and is said to be repulsive to vermin. Wadding 
for medical use, and cloth for various articles of dress, &c. are also manu- 
factured from these leaves. An oily substance, called fir-wool oil or fir-wool 
spirit, has also been introduced into this country from Germany, and re- 
commended for external use in rheumatism, neuralgia, &c. Paper of good 
quality is now made from the wood of this and some other species of Pinna 
and Abies. (See Abies excelsa. ) — P. Pinea , the Stone Pine, has edible 
seeds, which are used as a dessert under the name o i pine-nuts — P. Cembra , 
the Siberian Stone Pine, has also edible setds. The young shoots by dis- 
tillation yield the so-called Carpathian balsam. — P. Pumilio, the Mugho or 
Mountain Pine, produces by spontaneous exudation an oleo-resiu called 
Hungarian balsam. — Pinus Gerardiana , found in Thibet and Afghanistan, 
has edible seeds. — P. longifolia , an Himalayan species, yields a very good 
turpentine. 

Natural Order 237. Taxaoe^e. — T he Yew Order. — Charac- 

ter. — Trees or shrubs , witli continuous branches. Leaves usually 

Fig. 1044. 


Fig. 1044. Male flower of the Common Yew 
( Tux us baccatn), with Humorous rnona- 

delphous stamens. Fig. 1045. Vertical 

section of the seed of the same. ar. The 
succulent cup-shaped mass which enve- 
lopes the seed. pi. Embryo, alb. Albu- 
men. ch. Chalaza. mi. Micropyle. 


narrow, rigid, and veinless; sometimes broad, with forked veins. 
Ffawers unisexual, naked, bracteated. Male flowers several 
together, each with one or several stamens, which, in the latter 
easo, are united (fig. 1044) or distinct ; anthers bursting longitu- 
dinally. Female flowers solitary, and consisting of a single 
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naked ovule, which is either terminal or placed in the axil of a 
bract. Seed small, enveloped in a cup-shaped fleshy mass {Jigs. 
718 and 1045, ar), albuminous {Jig. 1045, alb) ; embryo straight 
{fig. 1045, pi). 

Distribution , Examples , and Numbers. — Natives of the moun- 
tains of tropical countries, and of temperate regions. Examples 
of the Genera : — Taxus, Salisburia. There are about 50 species. 

Properties and Uses. — In their general properties they re- 
semble the Coniferee. 

Dacrydium . — D. Franklinii, the Huon Pine of Australia. — The wood is 
valuable for ^hip-building. Other species, as I). taxi folium, the Kakaterro 
of New Zealand, and D . cuprtssinum, the Dimon .Pine, are also valuable 
timber trees. 

Podocarpm Totarra and some other New Zealand species are valuable 
timber trees. — P. cupressina {imbricata), a native of Java, yields a .crystal- 
line resin. 

Taxus haceata , the Common Yew, produces extremely durable and valu- 
able, timber. Its leaves and young branches act as a narcotioo-acrid poison, 
both to the human subject and other animals, llut they would seem to be 
most injurious to horses and cows; indeed, it is stated that sheep, deer, and 
turkeys will crop Yew trees with impunity. But this is certainly incorrect 
so far as sheep and deer at least, as these animals have been killed by eating 
Yew leaves. It is also frequently said that animals may feed upon the 
young growing shoots without any injurious effect being produced, but that 
when these have been cut off, and left upon the ground for a short time, 
they are then poisonous. This notion is, however, altogether erroneous, for 
the shoots are poisonous in all conditions. Fatal cases of poisoning have 
also occurred from eating the so-called fruit. (See page 314.) The red succu- 
lent cup of this fruit is, however, harmless, the contained seed alone being 
poisonous. Yew leaves and the so-called fruits, have been given medicinally 
i'or their emmenagogue, sedative, and antispasmodic effects. According to 
Dr. Taylor, ‘ Yew-tree tea ’ is sometimes taken to cause abortion. 

Natural Order 238. Gnetace^e. — T he Jointed Fir Order. 
— C haracter. — Small trees or shrubs, with jointed stems and 
branches. Leaves opposite, entire, net- or parallel-veined, or 
sometimes small and scale-like. Flowers unisexual, in catkins 
or heads. Male flowers with a 1-leaved calyx; anthers 2-3- 
cclled, with porous dehiscence. Female flower naked or sur- 
rounded by 1 or 2 scales ; ovules 1—2, naked, pointed by a 
style-like process. Seed succulent ; embryo dicotyledonous, in 
the axis of fleshy albumen. 

Distribution , Examples , and Numbers. — These plants occur 
in both tropical and temperate regions. There are 3 genera — 
Ephedra, Welwitschia, and Gnetum, and about 30 species. 

Properties and Uses.— Unimportant. The seeds and leaves of 
several species are eaten. Some Ephedras are astringent. 

Natural Order 239. Cyoadaoe^c. — The Cycas Order. — 
Character. — Small palm-like unbranched trees or shrubs , or 
occasionally dichotomous, with their surface marked by the 
scars of fallen leaves. Leaves clustered at the summit, pinnate* 
parallel -veined, hard and woody ; leaflets sometimes circinate 
in vernation. Flowers quite naked, unisexual, dioecious, Male 
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fioimrs in cones, consisting of scales, from the under surface of 
which 1-celled anthers arise. Female flowers consisting of naked 
ovules placed on the margins of altered leaves, or of ovules 
arising from the base of flat scales or from the under surface of 
peltate ones. Seeds hard or succulent, with 1 or several embryos 
contained in fleshy or mealy albumen. 

Distribution, Examples , and Numbers . — Natives principally 
of the temperate and tropical parts of America and Asia ; 
and occasionally at the Cape of Good Hope, Madagascar, and 
Australia. Examples of the Genera : — Cycas, Zamia. There 
are about 50 species. 

Properties and Uses. — The stems and seeds of the plants of 
this order yield mucilage and starch. 

Cycas. — From the stems of Cycas circinalis and C. revoluta a starch may 
be obtained. Of this a kind of sago is prepared; that from C. revoluta is 
said to constitute Japan Sago. But this sago is not an article of European 
commerce, all the sago imported into Europe being derived from species of 
Balms. (See Metroxylon and Sagverus.) Japan sago and other kinds aie 
esteemed as articles ot food. The seeds of the above species are also edible. 

Dion edute has large mealy seeds from which the Mexicans prepare a 
kind of arrowroot. 

Encephalarto8.~-Y arious species contain starch, and form what is called 
Oaffre-bread. 

Zamia. — In the Bahamas and other West Indian Islands, excellent 
arrowroot is prepared from the starch obtained from the stems of Z. integri- 
folia and other species, it is sold in the West India markets, but is not 
known as a commercial article in this country or in any other part of Europe. 
Florida arrowroot is also obtained from this plant. 

Artificial Analysis of the Natural Orders in the Division 

G YMNOSPERM1A . 


1. Stem jointed, branched • . . » • Gnetacese. 288. 

2. Stem not jointed. 

Branched. Leaves simple. 

Carpels collected in cones .... Coniferse. 236. 

Seed solitary, usually surrounded by a suc- 
culent coat Taxacece. 237. 

Not branched, or dichotomous. Leaves pinnate Cycadacese. 239. 

Class II. MONOCOTYLEDONES. 

Sub-class I. Petaloideae or Florid 
1. Epigynfe. 

Natural Order 240. Orohidacejs. — T he Orchis Order. — 
Character. — Herbs or shrubs, terrestrial (figs. 256 and 257) or 
epiphytical (fig. 251). Roots fibrous or tuberculated ( figs. 256 
and 257) ; no true stem or a pseudo-bulb (fig. 251). Leaves 
entire (fig. 311), generally sheathing. Flowers irregular (figs. 
541 and 1046), solitary or numerous, with a single bract, herma- 
phrodite. Perianth superior (figs. 541 and 1046), usually peta- 



loid and composed of six pieces (Jig. 1047), which are commonly 
arranged in two whorls ; the outer whorl , s, si , si, formed of 
three pieces (sepals), more or less united below or distinct ; 
one, s, being anterior, or when the ovary is twisted pos- 
terior (Jigs. 541 and 1046), and two, si, si, lateral ; the inner 
whorl (Jig. 1047 ,pi, pi, ps) usually consists of three pieces (petals), 
(or rarely of but one), alternating with the pieces in the outer 
whorl ; one (the labellnm or lip) (Jig. 1047, ps) posterior, or by 
the twisting of the ovary anterior (fig. 1046), usually longer and 
larger than the other pieces, and altogether different to them in 
form (fig. 1046), often spurred (fig. 541) ; sometimes the labellum 


Fig. 104G. 



Fig. 1017. 



Fig. 1048. 



Fig. 1046. Front view of the flower of the Tway-blado ( Listera ovata), 
showing the bifid labellum with the otter five divisions of the perianth ; 
and the essential organs of reproduction forming a column (gynoMemium). 

— -Fig. 1047. Diagram of the flower ot an Orchid si, si. The three 
outer divisions of tho perianth ; s being anterior or inferior, si, si being 
lateral, pi, pi. The two lateral divisions of the inner m horlof tho perianth. 
ps. The superior or posterior division ( labdlum ) of the inner whorl ; this 
by the twisting of the ovary becomes ultimately Inferior or anterior, e. The 
fertile stamen, with two anther lobes, c. Transverse section of the ovary, 

with three parietal placentas. Fig. 1048. Fruit of an Orchid dehiscing 

by three valves, each valvo bearing a placentu and numerous seeds. 

Fig . 1049. Seed of an Orchid, with a loose reticulated testa. 

exhibits a division into three regions of which the lowest is theft 
termed the hypochilium , the middle the mesochilium, and the 
upper the epichilium. Androecium united to the style (gynandrous) 
(figs. 541, 561, and 1046) and forming with it a central column 
(gynostemium) ; the column usually bearing 1 perfect anther and 
two lateral abortive ones, or rarely two lateral perfect anthers and 
one abortive anther in the centre. Pollen powdery, or more or 
less collected into grains or waxy or mealy masses ( pollinia ) 
(fig. 559, p); the masses free, or attached by their stalk* c 
(candicle) to the apex (rostellum) of the stigma (fig. 561, a). 
Ovary inferior, 1-celled, with 3 parietal placentas (figs . 617 and 
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1047) bearing a number of anatropous ovules ; style united 
with the androecium and forming with it a column or gyno- 
stemium (Jigs. 541 and 1046) ; stigma a viscid space in front of 
the column (Jig. 561). Fruit usually capsular, 3-valved (Jig. 

1048) , the valves bear the placentas in their middle, and sepa- 
rating when the fruit is ripe from the central parts or midribs of the 
component carpels, which are left as an open framework ; or 
rarely fleshy and indehiscent. Seeds very minute and nume- 
rous, with a loose netted (fig. 1049) or rarely hard crustaceous 
testa, exalbuminous ; embryo a fleshy solid mass. 

Diagnosis. — This order is known by its irregular flowers ; by 
the peculiar form which the labellum in many cases assumes, 
so as to cause the flower to resemble some insect, reptile, bird, 
or other living object ; by its gynandrous stamens ; by its 
frequently more or less coherent pollen ; and by its 1-celled 
inferior ovary with three parietal placentas. 

Distribution , Examples , and Numbers. — They are more or less 
abundantly distributed in nearly every region of the globe, 
except in those which have a very cold or dry climate. Some 
species are terrestrial and occur chiefly in temperate regions ; 
others are epiphytical and are confined to hot climates. Exam- 
ples of the Genera : — Malaxis, Dendrobium, Oncidium, Stan- 
hopea, Orchis, Cypripedium. The order contains about 3,000 
species. 

Froperties and Uses. — These plants, which present so much 
interest from the singularity, beauty, and fragrance of their 
flowers, are of little importance in an economic or medicinal 
point of view. Some are aromatic and fragrant, and are used 
as flavouring agents, several possess nutritious roots, and a few 
are antispasmodic and aphrodisiac. 


Angraecum fragrans. — The dried leaves of this fragrant species are used as 
a kind of tea in the Mauritius ; it is commonly known as Faham or Bourbon 
tea. It has been introduced into London and Paris, but is not much 
esteemed. This tea should be prepared by boiling, and is recommended to 
be taken with milk and rum. It is said to produce a soothing effect, but 
without causing sleeplessness. 

Cypripedium pubescens. — The root is official in the United States Phar- 
macopoeia. It is regarded as an antispasmodic, and is employed for similar 
purposes as valerian, but is less powerful, in the Chicago Pharmacist for 
1874, it is stated that C. pi/ heavens and C. spectabile possess powerful 
poisonous properties, the effects produced resembling the poisoning from 
Rbua Toxicodendron and R. venenata. From the rhizome and rootlets of C. 
pubescens , and probably also of C. spectabile and C. humi/e, the eclectic 
remedy termed cypripedin i*» obtained. This is regarded as a gentle ner- 
vous stimulant, and useful in epilepsy, chorea, and other nervous diseases. 

Eulophia vera and E. campestris. — The tubercules of this species are 
used in some parts of India in the preparation of the nutritious substance 
known by the names of Salep, Salop, and Saloop, which is there very 
highly esteemed. (See Orchis.) 

Orchis . — The dried tubercules of several species, as those of O. mascula , 
0. latifolia , O. Mario, and others, form European or Indigenous Salep ; that 
prepared from O. mascula is said to be the best. Salep contains baasorin and 



AP0STASIACEJ2. BEBMANNIACE^E. ZINGIBERACE^J. 683 

a little starch , and possesses similar properties to those of other amyla- 
ceous substances. (See Eulophia.) 

Sobralia . — The fruit of a species of Sobralia, a native of Panama, is said 
to yield a kind of Vanilla which is called chiccu 

Vanilla planifolia, V.aromatira, V. guianensis, V.pcUmarum, V. pompona, 
and other species, are remarkable for their fragrant odoriferous fruits, which 
constitute the Vanilla or Vamlle of the shops. Vanilla is extensively used 
in flavouring chocolate, and also in confectioner}’' and perfumery. It has 
been also employed on the Continent as a medicinal agent, in hysteria, &e. 
It is also regarded as an aphrodisiac. The fruits of V. planifalia and 
V. aromatica are commonly regarded as the most fragrant. (See also 
Sobralia.) 

Natural Order 241. Afostasiaceas. — T he Apostasia Order. 
—Character. — Herbs , with regular hermaphrodite flowers. 
Perianth superior, regular, with 0 divisions. Stamens 2 or 3, 
united by their filaments with the lower part of the style into a 
column ; a nt hers sessile upon the column, 2 or 3. Ovary inferior, 
3-celled, with axile placentation ; ocnles numerous ; style united 
below with the ti laments into a column, but prolonged above into 
a Aliform process. Capsule 3-celled, 3-valved. Seeds very 
numerous. 

Distribution , Examples, and Numbers . — Natives of damp woods 
in tropical India. Examples of the Genera: — Apostasia, Neu- 
wiedia. There are about 5 species. Their properties are alto- 
gether unknown. 

Natural Order 242. Burmanniaie.e. — The Burrnannia 
( )rder . 0 h a l* a c t e r . — Herbaceous plan ts , without true leaves, or 

with tufted radical ones. Flowers hermaphrodite, regular.' Pe- 
rianth tubular, regular, superior, usually with 6 divisions. Sta- 
mens distinct, inserted into the tube of the calyx, either 3 with 
introrse anthers, and opposite the inner segments of the perianth, 
or 0 with extrorse anthers. Ovary inferior, 1-celled with 3 
parietal placentas, or 3-celled with axile placentas ; style 1 ; 
stigmas 3. Capsule 1 — 3-celled. Seeds numerous, very minute ; 
embryo solid. 

Distribution , Examples, and Numbers. —They are principally 
found in the tropical parts of Asia, Africa, and America. 
Examples of the Genera : — Burrnannia, Thismia. According to 
Miers, there are 38 species. Their properties are unimportant, 
but some are reputed to be bitter and astringent. 

Natural Order 243. Zingiberage^:. — T he Ginger Order. — 
Character. — Aromatic herbs , with a creeping rhizome, 
and broad simple stalked sheathing leaves, with parallel 
curved veins springing from the midrib. Flowers arranged in a 
spiked or racemose manner, and arising from among spathaceous 
membranous bracts. Perianth superior, irregular, arranged in 3 
whorls, each wliorl consisting of 3 pieces. Stamms 3, distinct, 
the 2 lateral abortive, and the posterior one perfect ; anther 2- 
oelled ; filament not petaloid. Ovary inferior, 3-celled ; placentas 
axile; style filiform. Fruit 1 — 3-celled, capsular or baccate. 
Seeds numerous, albuminous ; embryo enclosed in a vitellus. 
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Distribution , Examples , and Numbers. — Chiefly natives of 
tropical regions. Examples of the Genera : — Zingiber, Curcuma, 
Elettaria. There are about 250 species. 

Properties and Uses. — They are principally remarkable for the 
stimulant aromatic properties possessed by their rhizomes and 
seeds, owing to the presence of resin and volatile oil ; hence 
several are used as condiments, and in medicine as aromatic 
Btimulants and stomachics. Some contain starch in large quan- 
tities, which when extracted is employed for food. 

Alpinia. — The root or rhizome known as the greater or Java Galangal 
root is derived from A. Galanga Willd., a native of Java. The lesser or 
Chinese Galangal has been traced by Hanee to a new species, which 
he has termed A. officinarum. The lesser Galangal is now the only kind 
known in European commerce. It is largely imported but not used in 
this country. It is principally consumed in ltussia, where it is employed 
foi flavouring the liqueur called nastoika , and vinegar ; and also as a cattle 
medicine, a spice, and as a popular medicine. The Tartars use it to pre- 
pare a kind of tea. — The source of the light Galangal of Guibourt is alto- 
gether unknown. The Galangals have similar properties to Ginger. The 
ovoid China Cardamom is the fruit of A. alba ; its seeds are used as a condi- 
ment in China. 

Amomum. — Several species of this genus have aromatic and stimulant 
seeds, which are used as spices and medicinal agents in various parts of 
the world. The only species which is employed in this country is the A. 
inelegueta , which yields the Grains of Paradise of the shops. It is a native 
of the Western Coast of Africa. These seeds are much employed in Africa 
as a spice. The common notion that they are verj' injurious is erroneous. 
They are principally employed in this country in veterinary medicine, and 
for giving pungency to beer, wine, spirits, and vinegar. — A. Cardamomum 
yields the fruit known as the round Cardamom. The fruits of A. maximum 
constitute Java Cardamoms; those of A. Korarima Korarima Cardamoms ; 
and those of A. globosum the large round and the small round China Carda- 
moms. The latter are much employed in China. Many other species have 
Similar properties. 

Curcuma. — C. longa. — The dried tubers or rhizomes of this plant consti- 
tute the turmeric of the shops. Turmeric is used as a condiment, as a test, 
and for dyeing yellow. It is largely employed in India, China, and other 
parts of the East. It forms an ingredient in Curry Powder, &e. Unsized 
white paper steeped in Tincture of Turmeric, when dried, is employed as a 
test to detect free alkalies, which change its colour from yellow to reddish- 
brown. — C. angustifolia : the rhizomes contain a large quantity of starch, 
which, when extracted, forms East Indian Arrowroot or Curcuma Starch. 
This kind of arrowroot may be also obtained from other species of Curcuma, 
as C. leucorrhiza , C. rubescens , &c. In its effects and uses it resembles 
West Indian Arrowroot or Maranta Starch (see Maranta ); but it is not 
so pure a starch. — C. aromatica yields the Round Zedoary of pharma- 
cologists.— C. Zedoaria is supposed to yield the so-called Cassumunar roots, 
the Long Zedoary, and the Zerumbet roots of commerce ; they all possess 
aromatic and tonic properties. Professor Archer believes that Zerumbet 
and Cassumunar are derived from C. Zerumbet. (See Zingiber.') 

Elettaria. — E. Cardamomum, a native of Malabar, yields the capsules 
which constitute the small or Malabar Cardamoms, the seeds of which are 
official in the British Pharmacopoeia, and are in common use in medicine in 
this country on acc^l&t of their cordial and stimulating properties, and also 
as flavouring agentp In the East Indies they are extensively used as a 
condiment and for chewing with betel. In parts of the Continent, as Russia, 
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Germany, &c., they are also much used for flavouring, and in the pre- 
paration of liqueurs, &c. — E. major yields Ceylon Cardamoms, which are 
much employed on the Continent ; their uses and effects are similar, but 
they are of less value than the former. 

Zingiber. — Z. officinale , the Ginger Plant — The so-called Ginger-root or 
Ginger of the shops is the rhizome of this species The rhizomes when verv 
young, or the young shoots of the old rhizomes, are used for preserving, and 
form in this state Preserved Ginger. The Ginger of the shops is found in 
two states, one being called white ginger or uncoated ginger , and the other, 
black ginger or coated ginger. The former is prepared from the rhizomes of 
about a year old, which when dug up are washed, scraped, and dried : this 
kind is generally preferred. The latter is prepared from the rhizomes in a 
somewhat similar manner, but not submitted to the scraping process. The 
essential distinction between the two con-asts, therefore, in White Ginger 
having its integument removed, while in Black Ginger it remains on the 
surface as a shrivelled membrane. Ginger is extensively used as a condi- 
ment, and the uncoated kind is also official, and used in medicine as a 
stimulant and stomachic internally, and externally as a rubefacient. — Z. 
Cassumnnar is supposed by some to be the plant from which Cassumnnar 
root is obtained. (See Curcuma.) 

Natural Order 244. Marantace^e. — T he Maranta or Arrow- 
root Order. — C haracter. — Herbaceous plants , without aromatic 
properties. They have a close resemblance to the Zingiberaceae. 
Their distinctive characters are, in their more irregular perianth ; 
in one of the lateral stamens being fertile, and the other two 
stamens abortive ; in the fertile stamen having a petaloid fila- 
ment, an entire or 2-lobed anther, one lobe of which is sterile, 
and the anther therefore 1-celled ; in the style being petaloid 
or swollen ; and in the embryo not being enclosed in a vitellus. 

Distribution , Examples, and Numbers. — Exclusively natives 
of tropical regions. Examples of the Genera ; — Maranta, Canna. 
There are about 160 species. 

Properties and Uses. — The rhizomes of some species contain 
starch, which when extracted is extensively used for food. 

Canna. — One or more sj eeies of this genus yield ‘ Tous les mois/ a very 
pure and useful starch, although little used in this country or elsewhere. 
The exact species of Canna from which this starch is obtained is not 
positively known ; it is said to be C. edulis, but it is just as probable to be 
derived also from C. glavca and C. Achiras. C. lutea is stated in the ‘ Bom- 
bay Flora’ to yield ‘Tons les mois.’ C. indica and C. discolor also yield a 
similar starch.— C. indica. — The seeds are commonly known under the name 
of Indian Shot, from their black colour and hardness. These seeds and 
those of other species are made use of as beads. The rhizomes or tubers of 
some species are eaten as a vegetable ; they contain much starch, which, as 
already stated, resembles ‘ Tous les mois.’" 

Maranta. — M. arundinacea* — The rhizomes or tubers of this plant con- 
tain a large quantity of starch, which, when extracted, constitutes West 
Indian Arrowroot, one of the purest and best known of the amylaceous 
substances u«ed as food. As this arrowroot is now obtained from the M. 
arundinacea , which is cultivated for that purpose in several other parts of 
the world besides the West Indies, it is best distinguished as Maranta 
Starch. It forms a very firm jellj r , and is perhaps the most palatable and 
digestible starch known. The best arrowroot is the Bermuda kind, but it 
is becoming more scarce every year. The name arrowroot is generally said 
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to have been derived from the fact of the bruised rhizomes of this plant 
hiving been employed by the native Indians as an application to the 
poisoned wounds inflicted by arrows. Others give, however, different deri- 
vations for this name. Thus T. Greenish believes that it is derived from 
the Indian word ‘ara-ruta,’ a term signifying ‘mealy root.’ The name of 
arrowroot is now given to various other starches which arc used as food in 
this country and elsewhere. 

Natural Order 245. Mttsaceas. — T he Banana or Plantain 
Order. — Character. — Herbaceous plants , often of large size. 
Leaves large, with parallel curved veins springing from the 
midribs (fig. 313), and long sheathing petioles, which together 
form by their union a spurious aerial stem. Flowers irregular, 
spathaceous. Perianth irregular, 6-partite, petaloid, superior, 
arranged in 2 whorls. Stamens (5, inserted upon the divisions 
of the perianth, some abortive ; anthers 2-cell ed. Ovary inferior, 
3-cclled. Fmit capsular, dehiscing loculicidally , or succulent and 
indehiscent, 3-celled. Seeds usually numerous, rarely 3, with 
mealy albumen ; embryo not enclosed in a vitellus. 

Distribution , Examples , and Numbers. — Generally diffused 
throughout tropical and sub-tropical regions. Examples of the 
Genera : — Musa, Ravenala. There are about 20 species. 

Properties and Uses. — The fruits of some species and varieties 
form important articles of food in tropical regions. Others 
yield valuable textile materials ; and the large leaves of many 
are used for various purposes, such as a kind of cloth, thatch- 
ing for cottages, &c. The seeds and fruits of others are used as 
dyeing agents in some countries. 

Musa. — The fruits of some species, as those of 31. paradisiara , the Plan- 
tain, and M. sapieiitnm , the lhinana, of both of which there are several 
varieties, are well known as important articles of food in many tropical 
regions. They owe their value in this respect chiefly to the presence of 
starch and sugar, but they also contain some nitrogenous substances. Dr. 
Shier states that a new Plantain-walk will yield 17 cwt. of starch per acre. 
According to Humboldt, the produce of Bananas to that of Wheat is as ],*$ 
to l,and to that of Potatoes as 44 to 1. Some of the finer varieties are 
also used as dessert fruits in this country and elsewhere. The expressed 
juice is in some parts made into a fermented liquor. The fibrous materials 
obtained from the spurious stems and flow T er-stalks of the different species 
of Musa mav be used for textile fabrics and in paper-making. The 
fibres from Musa textilis constitute the Manilla Hemp of commerce. From 
the finer fibres of this plant the celebrated Indian muslins are manufactured. 
The young shoots of the Banana and other species of Musa when boiled are 
eaten as a vegetable ; and the large leaves are used for various domestic 
purposes. The young leaves of the Banana and Plantain are also in common 
use in India for dressing blistered surfaces. 

Ravenala speciasa has been called the Water-tree and Traveller’s-tvee 
on account of its large sheathing petioles storing up water. Its seeds are 
edible. 

Natural Order 246. Iridace^e. — T he Iris or Corn-Flag 
Order. — Character. — Herbs , usually with bulbs, corms 
(figs. 240 and 241), or rhizomes (fig. 229). Leaves with 
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parallel straight venation, generally equitant. Flowers spatha- 
ceous (fig. 1050), regular (fig. 1051) or irregular.* Perianth 
superior (fig. 1053), petaloid, 6-partite (fig. 1051), in 2 whorls 
(fig. 1050). Stamens 3, inserted on the outer segments of the 
perianth (fig. 1051) ; anthers 2-celled, extrorse. Ovary inferior, 


Fig. 1050. 



Fig. 1053. 



Fig. 1051. 



Fig. 1050. Diagram of the flower of a species of Iris , showing a solitary bract 
below, six divisions to the perianth arranged in two whorls, three stamens, 

and a three-celled ovary. Fig. 1 051. A flower of the Spring- Crocus 

( Crocus vrmus) cut open to show the three extrorse stamens attached 

to the outer segments of the perianth Fig. 1052. The three petaJoid 

stigmas of the same with the end of the style. Fig. 1063. Vertical sec- 

tion of the flower of Iris germanica. ce, ce. Two of the external divisions 
of the perianth, ci. One of the internal divisions, t. Tube formed by 
the union of the divisions of the perianth, e, e. Stamens, covered by the 
petaloid stigmas, s, s. o. Inferior ovary, with numerous ovules, g, 

attached to placentas in the axis Fig. 1054. Vertical section ot the 

seed of the same. t. Integuments of the seed. p. Albumen, e. Embryo. 
m. Micropyle. (From Jussieu.) 


(fig. 1053), 3-celled (fig. 1050) ; style 1 (figs. 1051 and 1052) ; 
stigmas 3, often petaloid (figs. 638 and 1052). Fruit capsular, 
3-celled, 3-valved, with loculieidal dehiscence (fig. 705). Seed* 
numerous, with horny or hard albumen (fig. 1054). 
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Diagnosis. — Herbs. Leaves with parallel straight veins. 
Perianth petaloid, superior, 6-partite, in 2 whorls. Stamens 3; 
anthers extrorse. Ovary 3-celled, inferior. Fruit capsular, 
with loculicidal dehiscence, 3-celled, Seeds numerous, albu- 
minous. 

Distribution , Examples , and Numbers. — Chiefly natives of 
temperate and warm climates. They are found in various parts 
of the globe, but are most abundant at the Cape of Good Hope. 
Examples of the Genera : — Iris, Gladiolus, Crocus, There are 
about 560 species. 

Properties and Uses. — The rhizomes of several species possess 
acrid properties, which causes them to be purgative, emetic, <fcc. 
Some are poisonous, and a few have fragrant rhizomes. Others 
are employed as colouring agents, and some are commonly re- 
garded as antispasmodic, carminative, &c. Many contain starch 
in large quantities, but as this is usually combined with 
acridity, they are not generally available for food, although 
some are stated to be thus employed in Africa. 

Crocus sativu.% the Saffron Crocus. — This plant is the Karcom of the 
Bible. The dried stigmas with the end of the style (fig. 1052) constitute 
Hay Saffron , or when pressed together into a mass, they form Cake Saffron. 
The latter, however, is not now found in the shops in this country ; the 
substance sold under that name being the compressed florets of Carthamns 
tinctorius (see Carthamus). Saffron contains a colouring principle called 
polych roite. Saffron is also said to be obtained in Greece of good quality from 
C. Seflerium ; and the dried stigmas of other species, as C. aureus , C. odorus , 
C. lutevs , C. vernus , &c., are likewise employed to some extent for the pre- 
parati m of saffron in other parts of the Continent, &c. Saffron is much 
in request as a flavouring agent on the Continent and in the East. It was 
also formerlv much used in this country for a similar purpose, but at pre- 
sent is but little employed in this wav except in Cornwall. It is official 
in the British Pharmacopoeia, and is principally used as a colouring agent 
in this country, but also to some extent in certain nervous affections, and 
as an emmenagogue. Bird-fanciers also use it, as they believe it assists the 
moulting of birds. 

Iris , Flower de Luce. — The rhizomes of several species are more or less 
purgative and emetic. The so-called Orris-root of the shops is in reality the 
dried scraped rhizomes of 1. fiorentina , 1. pallida , and I. germanica. These 
rhizomes possess a violet odour, and are principally used in perfumery, and 
also for imparting a pleasant odour to the breath ; and by the French, es- 
pecially, for making issue-peas. The roasted seeds of I. Pseud-acorns , the 
Yellow Flag of this country, have been recommended as a substitute 
for coffee, but they are altogether wanting in the important properties 
which render that substance so valuable for the preparation of an nn- 
fermented beverage. The rhizome of 1. versicolor , Blue Flag, is official in 
the United States Pharmacopoeia, as also that of I . fiorentina. Both are 
regarded as purgative, emetic, and diuretic. The oleo-redn, termed ir- 
idin or irifin by the Eclectics in the United States, is obtained from these 
rhizomes. 

Moreea (Homeria). — Some species of this genus, more especially that of 
M. collina , and of other Iridaceous plants known under the name of ‘ Tulp ’ 
jit the Cape, have poisonous properties, and have been the cause of fatal re- 
sults to cattle which have chanced to eat it. Tulp is also poisonous to human 
beings. 
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0l .f r at ^ Order 24". Amap.yllidace.e— The Amaryllis 
Order. Bulbous or fibrous-rooted plants, without any aerial stem, 
or sometimes with a woody one. Leaves with parallel straight 
^ ©nation, lmear-ensiform. Flowers usually on scapes, and 
spathaceous (fig. 397). Perianth regular or nearly so (figs. 397 

’ Pl al ° ld i s , u ll® rior ^!l- 1067), with six divisions, and 
with {figs. 497 and 1056, n) or without a corona (fig. 1057). 
Stamens 6, inserted on the segments of the perianth (figs. 1056 
'ff l®®. 7 .); introrse. Ovary inferior (fig. 1057), 3-celled 

(Jig. 1055). J/rwt capsular, 3-celled, 3-valved, with loculicidal 
dehiscence, and numerous seeds ; or a berry with 1—3 seeds. 


Fig. 1055. 


Fig. 1056 . 



Fig. 1055. Diagram of the flower of the Spring Snowflake ( Leucojum ver - 
num), with six divisions to tho perianth arranged in two whorls, six 

stamens, and a 3-celled ovary with axile placentation. Fig. 1056. The 

perianth of the Daffodil ( Narcissus Psevdo-narcissus ) cut open in a ver- 
« Corona ner * Tube boaring stam ens. 1. Limb of the perianth. 


Fig. 3 057. 


Fig. 1058. 




Fig. 1057 . Vertical section 
of the flower of the Spring 
Snowflake (Leucojum ver- 
num). Fig. 1058. Ver- 

tical section of the seed of 
the same. 


Seeds with fleshy or homy albumen ; embryo with the radicle 
next the hilum (fig. 1058). 

Distribution , Examples, and Numbers . — Natives of many 
parts of the world, but, like the Iridacese, most abundant at the 
Cape of Good Hope. Examples of the Genera: — Galanthus, 
Amaryllis, Narcissus, Agave. There are above 400 species. 

Y Y 
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Properties and Uses. — Several plants of this order possess 
poisonous qualities. This property is especially evident in 
Hsemanthis toxicarius , the juice of which is used by the Hotten- 
tots to poison their arrow-heads. Some yield excellent fibres. 
The juice of a few species is saccharine, and is employed in the 
preparation of fermented liquors. Starch may be obtained from 
some species of Alstrccmeria. Medicinally, several have been 
used as emetics and purgatives. 

Agave americana , toe American Aloe, Maguey, or Hundred -years' plant. 
The latter name was given under the erroneous idea that this species of 
Agave lived a hundred years before flowering. From the leaves of this and 
other species the useful fibre known as Aloe Fibre, Pita or Pit(^ Hemp, is 
obtained. It is employed for textile fabrics and for paper-making. The 
juice of the leaves of Agave americana and other species just before flowering 
contains much sugar and mucilage, and when fermented yields a vinous acid 
beverage called Pulque, which is highly esteemed by the Mexicans. It has 
an odour something like putrid meat. A very intoxicating spirit or brandy 
may be also obtained from pulque. To this spirit the name of mexical or aguar- 
diente de maguey has been given. The unfermented juice is called Aguamiel 
or honey-water. It is regarded as useful for the prevention of scurvy. Its 
roots are reputed to possess alterative and diuretic properties. The* leaves 
from the heart of A. Utahense and other species of Agave are cooked by the 
Pah-Utes, and form a very nourishing and palatable food. 

Alstroemeria pallida and some other species have succulent roots contain- 
ing much starch, which, when extracted, is used as a kind of arrowroot in 
certain parts of South America. 

Crinum asiaticum , var. toxicarium of Herbert. — The fresh root (or more 
properly bulb) is official in the Pharmacopoeia of India. It possesses emetic 
and diaphoretic properties, and its therapeutic uses are analogous to those 
of Squill. The dried root has similar qualities, but it is not bo powerful in 
its action. 

Narcissus Pseudo-narcissus.— From the bulbs of this plant A. W. Gerrard 
has obtained a crystalline neutral principle and an amorphous alkaloid, which 
he has named pseudo-narcissia. This alkaloid was found to produce profuse 
salivation, vomiting, and slight diarrhoea, when given hypodermically to 
warm-blooded animals. 

Natural Order 248. Hypoxidace^e. — T he Hypoxis Order. — 
Diagnosis. — This is a small order of herbaceous plants, closely 
allied to the Amaryllidacem, but distinguished by their habit ; 
their dry harsh leaves ; by the outer divisions of their perianth 
being of coarser texture than the inner ; by their seeds being 
commonly carunculate ; and by the radicle of their embryo being 
remote from the hilum. The latter character is of the most im- 
portance. 

Distribution , Examples , avid Numbers.— They are scattered 
over various warm parts of the globe. Examples of the Genera : 
— Forbesia, Hypoxis. There are about CO species. 

Properties and Uses. — They are reputed to be bitter and 
aromatic. The roots of Curculigo orchioides are used in Travancore 
by the native doctors in gonorrhoea, menorrhagia, and other 
affections. The fleshy roots of some species are eaten. 

Natural Order 249. H^MODORAOEiE. — The Blood- Root 

Order.— Character. — Herbs or rarely shuts, with fibrous 
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roots. Leaves usually equitant, ensiform. Perianth superior, 
tubular, 6-partite, regular, the divisions usually scurfy or 
woolly on their outside. Stamens 3 or 6, when 3 they are 
opposite the inner segments of the perianth ; anthers introrse. 
Ovary inferior, 3-celled, or sometimes 1-celled. Fruit dehiscent 
or indehiscent, covered by the withered perianth. Seeds few or 
numerous, with cartilaginous albumen, and radicle remote from 
the hilum. 

Distribution , Examples , and Numbers. — Natives of America, 
the Cape of Good Hope, and Australia. Examples of the Genera : 
— Hfemodorum, Yellozia. There are about 50 species. 

Properties and Uses. — The roots of some species are used as 
dyeing agents in North America, others are edible, and a few are 
bitter and astringent. 

Aletr is farina sa is remarkable for its bitterness. It is reputed to possess 
tonic and stomachic properties. 

Hfemodorvm . — The roots of several species, as those of IT. paniculatum 
and H. spicatvm , when roasted, are eaten by the natives in some parts of 
Australia. The roots contain a red colouring matter. 

Lachnantfus tinctoria has a blood-red root which is used for dyeing in 
North America. 

Natural Order 250. Taccace^e. — T he Tacca Order. Cha- 
racter. — Perennial herbs with fleshy roots. Leaves with 
parallel veins, radical, stalked. Perianth tubular, regular, 6- 
partite, superior. Stamens 0, inserted into the base of the divi- 
sions of the perianth, with petaloid filaments hooded at the 
apex ; anthers 2-celled, placed in the concavity below the apex 
of the filaments. Ovary inferior, 1-celled, with 3 parietal pla- 
centas projecting more or less into the interior ; styles 3. Fruit 
baccate. Seeds numerous, with fleshy albumen. 

Distribution , Examples, and Numbers. — Natives of mountain- 
ous regions in India, the Malayan Archipelago, the Philippines, 
Australia, Polynesia, Madagascar, and Guiana. According to 
Hance, there are three genera, Tacca , A taccia , and Schizocapsa , 
which contain twelve or more species. 

Properties and Uses. — The roots are bitter and acrid, but 
when cultivated they become larger, and lose in some degree 
their acridity and bitterness, and contain much starch, which 
when separated is used for food. 

Tacca . — The roots of T. oceaniea yield the starch known as Tacca 
Starch, Tahiti Arrowroot, or Otaheite Salep. It may be employed as a sub- 
stitute for Maranta Starch. Cakes made from this starch are eaten by the 
natives of Otaheite and the other Society Islands, where this plant is com- 
monly cultivated. — T. pinnatifida is by some considered to be identical with 
the former species. Like it, the roots contain starch, which is used as tood t>y 
the inhabitants of China, Cochin China, Travancore, &c. 

Natural Order 251. Bromeliace^e. — The Pine-Apple or 
Bromelia Order. Character. — Herbs or somewhat woody plants , 
commonly epiphytical. Leaves persistent, crowded, channelled, 

y y 2 
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rigid, sheathing at the base, and frequently scurfy and with spiny 
margins. Flowers showy. Perianth superior, or nearly or 
quite inferior, arranged in two whorls, the outer of which lias 
its parts commonly united into a tube ; and the inner has its 
parts distinct, imbricate, and of a different colour to those of 
the outer whorl. Stamens 6 ; anthers introrse. Ovary 3-celled ; 
style 1. Fruit (fig. 287) capsular or indehiscent, 3-celled. 
Seeds numerous ; embryo minute, at the base of mealy albumen, 
with the radicle next the hilum. 

Distribution , Examples, and Numbers . — They are mostly 
found in the tropical regions of America, West Africa, and the 
East Indies. They appear to have been originally natives of 
America and the adjoining islands, but are now naturalised in 
West Africa and the East Indies. Examples of the Genera : — 
Ananassa, Bromelia, Tillandsia. There are about 180 species. 

Properties and Uses. — They are chiefly important for yielding 
edible fruits and useful fibrous materials. Some are anthelmin- 
tic, and others contain colouring matters. 

Ananassa sativa, the Pine-apple. — The fruit of this species is the well- 
known and delicious fruit, called the Pine-apple. A large number of these 
fruits are now imported into Britain, chiefly from the Bahama Islands, but 
in flavour thev are very inferior to those produced by cultivation in 
1 his country. The unripe fruit possesses anthelmintic properties. The fibre 
obtained from the leaves of this species, as well as that from one or more 
species of Bromelia and Tillandsia , is known under the name of Pine-apple 
fibre , and has been used for various textile fabrics, and for the manufac- 
ture of paper, cordage, <fcc. 

Billbergia tinctoria. — In Brazil a yellow colouring agent is obtained from 
the roots of this plant. 

Bromelia Pinguin possesses vermifuge properties. Its leaves yield useful 
fibres. The fibres of B. sylvestris under the name of Jxtle fibre or Mexican 
Grass are used for brush-making, ropes, and textile fabrics, and would pro- 
bablv form a good paper material. 

Tillandsia usneoides is commonly -called Tree-beard or Old Man’s Beard, 
from the fact of its forming a mass of dark-coloured fibres, which hang from 
the trees in South America, like certain of the Lichens in cold climates. 
This article has been imported under the name of Spanish Moss, and em- 
ployed for stuffing cushions, &c., mixed with horsehair. It has been also 
used for stuffing birds, for packing, and for paper-making. About 10,000 
bales are annually shipped from New Orleans. 

The following five orders, namely, Diosooreace®, Smilace®, 
Trilliace®, Roxburghiace®, and Philesiaoe®, were included by 
Bindley in a class by themselves which he termed the Dic- 
tyogenee ; and in previous editions of this Manual they have 
constituted the sub-class Dictyogen® of the Monocotyledones. 
But in their essential characters they approach so closely to 
the Liliace®, except that the Dioscoreace® have an inferior 
ovary, that we have now placed them here in accordance with 
the views of most botanists. All the plants of these orders 
have, however, more or less netted- veined leaves, and hence 
the name Dictyogen® which was applied to the class and sub- 
class in which they were formerly grouped. 
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Natural Order 252. Dioscoreace^:. — T he Yam Order. — 
.Character. — Shrubs , with twining stems rising from tuberous 
root-stocks or tubers, placed above or under the ground. Leaves 
net- veined, stalked. Flowers unisexual, dioecious, small, brac- 
teated. Male Jiower : — Perianth 6-cleft. Stamens 6, inserted at 
the base of the perianth. Female flower: — Perianth superior, 
6-partite. Stamens sometimes present, but very short and abor- 
tive. Ovary inferior, 3-celled ; styles 3, distinct, or 1, and then 
deeply trifid ; ovules 1 — 2 in each cell, suspended. Fruit de- 
hiscent and compressed, or fleshy, 1 — 3-celled. Seeds albu- 
minous ; embryo small, in a cavity in the albumen. 

Distribution , Examples, and Numbers. — Chiefly tropical 
plants. Tamus communis is, however, found in Britain and other 
temperate regions. Examples of the Genera: — Tamus, Dioscorea. 
There are above 150 species. 

Properties and Uses . — The plants generally contain an acrid 
principle. The tuberous root-stocks of many species of Dioscorea 
are, however, when boiled, used for food in tropical countries. 

Dioscorea. — The tuberous root-stocks of several species, as those of D. 
alata, I). sativa , and D. aculeata, when boiled, are eaten in tropical countries, 
as potatoes are in Euiope. The Chine.se Yam {D. Batatas') is now cultivated 
in this country, and when properly boiled is esteemed by many as an escu- 
lent. Some species of Dioscorea aie very acrid even when boiled, and cannot 
therefore be used for food. The rhizome of D. villosa, the Wild Yam of the 
United States, is regarded as a valuable remedy in Virginia in rheumatism, 
and is hence commonly known as ‘ rheumatism root/ It has also been recom- 
mended in bilious colic. 

Tamus. — T. communis, Common Black Bryony, has a large fleshy root 
which when fresh possesses considerable acridity. It is sometimes used as 
a topical application to bruised parts to remove the marks. Taken inter- 
nally, it acts as a diuretic, and also, it is said, as an emetic and cathartic. 
The young shoots of this species and those of T. creiica , when thoroughly 
boiled, so that their acridity is destroyed, have been eaten like asparagus. 

Teslvdinaria elephant ipes, a native of the Cape of Good Hope, has a very 
peculiar tuberous stem, hence it has been called Elephant’s Foot or the Tor- 
toise plant ; the inner part of this stem is very mealy, and is used for lood 
by the Hottentots. 


2. Hypogyute. 

Natural Order 253. Smilaceas. — The Sarsaparilla Order. — 
Characte r .—Herbs or shrubs , more or less climbing {fig. 1059). 
Leaves petiolate {fig. 1059), net-veined, articulated. Floicers 
regular, unisexual and dioecious, or hermaphrodite. Perianth 
inferior, 6-partite, with all its divisions alike. Stamens 6 , peri- 
gynous or rarely hypogynous ; anthers introrse. Ovary superior, 
3-celled ; stigmas 3. Fruit baccate {fig. 1059), few or many- 
seeded. Seeds with a minute embryo, albuminous. 

Distributum, Examples , and Numbers. — The species of this 
order are scattered over various parts of the world, both in 
tropical and temperate climates ; they are, however, most 
abundant in tropical America. Examples of the Genera : — femilax, 
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Ripogonum. There are probably about 120 species, but some 
botanists make the number considerably more. 

Properties (Mid Uses . — The plants of this order generally 
possess alterative properties. 

Fig. 1059. 



Fig. 1059. A portion of a branch, with leaves and fruit, of Smiiax 
papy racea. 

Ripogonum parviforum has similar properties to Sarsaparilla. (See 
Smiiax.) It is a native of New Zealand, where it is much used as a reme- 
dial agent. 

Smiiax — The roots of several species or varieties of Smiiax constitute 
the Sarsaparilla of the materia medica, which is commonly regarded, and 
in our opinion justly so, as a valuable alterative. It is extensively em- 
ployed in syphilis, various cutaneous diseases, rheumatism, and many other 
affections. Several kinds of Sarsaparilla are known, of which the most es- 
teemed is that called Jamaica Sarsaparilla, although it is not the produce 
of that island, but of Central America. It is obtained from 5. officinalis. 
This kind is alone official in the British Pharmacopoeia. Other kinds of 
Sarsaparilla distinguished in commerce, are Mexican or Lean Vera Cruz, 
from S. medica ; Lisbon, Para, or Brazilian, from papyracea, and pro- 
bably also from S. officinalis ; Guatema'a , from S. papyracea; Honduras, 
from, I believe, S', papyracea ; and Guayaquil, from an unknown species. 
Several other species of Smiiax are also in use in different parts of the 
world, as S. aspera in the South of Europe, where its roots are termed Italian 
Sarsaparilla; S. glabra , land folia, S. oval) folia, and S. prohfera in 
India ; /S', glycyphylla in Australia, S. Macabucha in the Philippines, and 
£. anceps in the Mauritius, &c. — <S. China is commonly regarded as the 
source of the China root of the materia medica ; hut others refer it to S. ferox 
of Wallich. Several spurious China roots are in use in America; their 
source is doubtful. 

Natural Order 254. Trilliacete. — T he Trillium or Paris 
Order. — Character. — Unbranched herbs , with rhizomes 
or tuberous root-stocks. Leaves whorled, not articulated, 
net- veined. Flowers large, terminal, solitary, hermaphro- 
dite. Perianth inferior, with 6 — 8 parts, arranged in 2 rows ; 
the parts being all alike, or those forming the inner row much 
larger and coloured. Stamens 6 — 10, with linear apicilar 
anthers. Ovary superior, 3 — 5-celled, with a corresponding 
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number of styles and stigmas ; placentas axile. Fruit suc- 
culent, 3— 5-celled. Seeds numerous, albuminous; embryo 
minute. 

Distribution , Examples , and Numbers. — Natives of the tem- 
perate parts of Europe, Asia, and America. Examples of the 
Genera : — Paris, Trillium. There are about 30 species. 

Properties and Uses. — The plants of this order are reputed to 
be narcotic, acrid, emetic, or purgative, but none are employed 
in regular practice. 

Trillium. — The root of Trillium erectum (pendulum), under the name of 
Beth-root, is in use in the United States, and is regarded as astringent, 
tonic, and antiseptic. It is especially used in menorrhagia. 

Natural Order 255. Roxburghiaceas. — T he Roxburghia 
Order. — Character. — Twining shrubs with tuberous roots. 
Lea res net-veined, leathery, broad. Flowers large and showy, 
solitary, hermaphrodite. Perianth inferior, with 4 petaloid 
divisions. Stamens 4, hypogynous ; anthers introrse, apicilar. 
Ovary superior, 1-celled, with a basal placenta ; stigma sessile. 
Fruit 2-valved, 1-celled. Seeds numerous, in 2 stalked clusters, 
anatropous ; embryo in the axis of fleshy albumen. 

Distribution , Examples , Numbers , and Properties. — They are 
natives of the hotter parts of the East Indies. There is but 
one genus, Roxburghia, which includes 4 sp>ecies. Their proper- 
ties are unimportant. 

Natural Order 250. Philesia ge;e. — T he Philesia Order. — 
Diagnosis , <jDc. — T he plants of this order arc closely allied to the 
Roxburghiaceie, from which, however, they are readily distin- 
guished by their hexamerous perianth and androecium, perigy- 
nous stamens, parietal placentation, long style, and semi-anatro- 
pous ovules. They are natives of Chili. There are 2 genera, — 
Philesia and Lapageria, and 2 species. In their properties they 
are said to resemble Sarsaparilla. (See Smilax.) 

Natural Order 257. Liliace.e.— T he Lily Order. — Cha- 
racter. — Herbs (fig. 239), shrubs (Jig. 404), or trees (Jig. 193), 
with bulbs (Jigs. 235-238), rhizomes (Jig. 230), or tuberous or 
fibrous roots. Stem simple or branched (Jig. 193). Leaves with 
parallel veins, sessile or sheathing. Flowers regular (Jigs. 27, 
424, and 1060). Perianth green or petaloid, inferior (Jigs. 27 
and 1063), 6-leaved (Jigs. 27 and 1060) or 6-partite (Jig. 1061). 
Stamens 6 (Jigs. 27, 518, and 1060), inserted on the perianth (Jig. 
1063) or rarely on the thalamus ; anthers introrse (Jigs. 518 and 
1063). Ovary superior (Jigs. 27, 518, and 1063), 3-celled (Jigs. 
1060 and 1064) ; style 1 (Jigs. 27 and 1063) ; stigma simple (Jig. 
27) or 3-lobed ( Jig. 641). Fruit a loculicidal capsule, or succu- 
lent and indehiscent, 3-celled. Seeds with fleshy albumen {Jig. 
1065), numerous. 

Diagnosis. — Leaves with parallel straight veins, or succulent. 
Flowers regular. Perianth inferior, 6-leaved or 6-partite. 
Stamens 6 ; anthers introrse. Ovary superior, 3-celled ; style 
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1, undivided. Fruit indehiscent or a loculicidal capsule. Seeds 
numerous, albuminous. 

Distribution , Examples , and Numbers. — They are widely dis- 
tributed throughout the temperate, warm, and tropical regions 


Fig. 1060. Fig. 1061. 



Fig. 1060. Diagram of the flower of a species of Lily. s. The three outer 
divisions of the perianth, p. The three inner, e. The stamens, c. Three- 
celled ovary. Fig. 1061. Raceme of flowers and portion of the succu- 
lent leaf of a species of Aloe. Fig. 1062. Flower of the Crown Imperial 

( Fri Uliana imperialist with half its perianth removed. Fig. 1063. 

Vertical section of the flower of the Solomon’s Seal ( Polygonatum multi - 

florum). Fig. 1064. Transverse section ot the ovary ot the White Lily 

( Lilium candidum ). Fig. 1065. Vertical section of the seed of the Crown 

Imperial. 

of the globe. Examples of the Genera : — Tulipa, Lilium, Aloe, 
Scilla, Hyacinthus, Asparagus. There are about 1,200 species. 

Properties and Uses. — The plants of this order frequently 
possess important properties, but there is no great unifor- 
mity in them. Some are purgative ; others emetic, diuretic, 
diaphoretic, stimulant, acrid, &c. Several yield astringent 
substances, and many produce valuable fibres. The bulbs, 
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young shoots, roots, and seeds of others are highly esteemed, 
and largely consumed as articles of food and condiments. 

Allium . — The bulbs of several species of this genus are well known 
dietetical articles, and are extensively used as condiments under the names 
of Onion, Garlic, Leek, & c. Garlic and Onion are also sometimes employed 
in medicine ; thus, externally applied, they are rubefacient, &c., and inter- 
nally administered, they are stimulant, expectorant, diuretic, and somewhat 
anthelmintic. Garlic is still official in the United States Pharmacopoeia. 
All the species yield an acrid volatile oil, containing sulphur as one of its 
ingredients. Some species when cultivated in warm dry regions lose much 
of their acridity and powerful taste, as the Portugal, Spanish, and Egyptian 
Onions. — A. sativum is the Common Garlic ; A. Cepa , the Onion ; A. Porrum , 
the Leek ; A. Sehcenoprusum , the Chive ; A. Scorodoprasum , the Rocam' 
bole ; A. ascalonicum , the Shallot. 

Aloe. — The species ot this genus have succulent leaves (fig. 10GI). The 
purgative drug Aloes is the inspissated juice obtained from the parallel 
brownish-green vessels found beneath the epidermis of the leaves. Several 
commercial varieties of Aloes are known, but the origin of some is not 
accurately determined. — Aloe vulgaris ( barbadensis ) yields the kind called 
Par ba does Aloes. — A. Perry i has been recently proved to be the source 
of Socotrine Aloes, and also the kind commonly known as Hepatic Aloes, 
for, as was first shown by Dr. Pereira, the difference between these two 
kinds may be readily accounted for by difference of preparation in the two 
respectively. Socotrine and Barbadoes Aloes are alone official in the British 
Pharmacopoeia. — Cape Aloes is yielded by A. spicata y A. ferox. and several 
other species. Other commercial varieties of Aloes are known as Natal 
Aloes, a tine kind — Indian Aloes, Aden or Black Aloes, CuraQOa Aloes, & c. 
Their sources arc not accurately known. Aloes is used iu small doses as a 
tonic, and in larger doses as a purgative and emmcnagoguc. 

Asparagus. — A. officinalis y Asparagus. — The young succulent shoots 
called turios , when boiled, are highly esteemed as an article of food. These, 
and the roots, and flowering stems, are sometimes employed as diuretics. 
The juice of Asparagus has marked diuretic properties, and is deserving of 
more attention than it has of late years received. Asparagus is also popu- 
larly employed as a lithic. The roasted seeds have been used as a substitute 
for coffee. 

Asphodelvs ramosu$ y a native of Turkestan*, yields a tuber called ScJnresch , 
which is employed as a diuretic and ennnenagogue. The Morocco drug 
called AUaluz is also said by Leared and Holmes to be derived from this plant. 

Camassia escu/enta has edible bulbs, which are used by the North 
American Indians under the name of Quamash. They are also known as 
Biscuit-roots. 

Dracaena Draco , the Dragon Tree of Tenerifie (fig. 1 93) yields a red 
resin resembling Dragon’s Blood, but it is not now known in commerce. (See 
Calamus and Pterocarpvs.) The roots of D. terniinalis , the Ti Plant, are 
baked, and eaten largely by the inhabitants of the Sandwich Islands. A 
lermented beverage is also obtained from the juice of this plant; and its 
leaves are employed as fodder for cattle, and for clothing and other domestic 
purposes. 

Lilium. — The bulbs of some species, as those of L. tenuifolium , L . hamU 
schaticum , and L. spectabile , are commonly eaten in Siberia. 

Phormivm tenax. — This plant is a native of New Zealand. The fibre 
obtained from its leaves possesses great strength ; it is commonly known 
under the name of New Zealand Flax. It is much used for twine and 
cordage, and occasionally for linen, &c. In Auckland alone, rope and cor- 
dage of the annual value of about 2,500/. are prepared from it. It was re- 
commended many years a^o for paper-making, but although a very strong 
paper may be made from it, very little commercial progress has been paade 
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with this material. Its r»3t has been recommended as a substitute for 
Sarsaparilla. 

Polygonatum officinale ( tulgart ). — The rhizomes of this, and probably 
those of P. multifiorum , are soid in the herb shops under the name of Solo- 
mon’s Seal. They are employed as a popular application to remove the 
marks from bruised parts of the body. 

Ruscvs aculeatus , Buteher’s Broom (Jig. 404), has aperient and diuretic 
roots, which were formerly much employed in visceral diseases. The roasted 
seeds have been used as a substitute for coffee. 

Sanseviera zeylanica and other species produce very strong and tough 
fibres, which are known under the names of African Hemp and Bowstring 
Hemp. 

Urginea. — U. Scilla or Scilla maritima. — The bulb of this species is the 
official Squill. It is a valuable medicine ; in small doses acting as an ex- 
pectorant and diuretic, and in larger doses as an emetic and cathartic. In 
excessive doses it is a narcotico-aerid poison. Some other species seem to 
possess analogous properties. Two active principles have been known for 
some time as contained in Squill, one of which has been reputed to possess 
expectorant and diuretic properties, and not poisonous ; and the other with- 
out any value in medicine, but acting simply as an irritant poison : the 
former lias been called scillitin , the latter sculein. Merck has recently, how- 
ever, found three principles, which he terms scilli toxin, scillipicrin , and scil- 
lin, and he infers that the medicinal activity of squill depends upon the 
two former. — IT. indica has similar properties to the official Squill. 

Xanthorrhatu. — The species of this genus are commonly known in New 
South Wales, where they are natives, under the name of Grass-trees. Their 
tops afford fodder for cattle, and their young leaves and buds are eaten as a 
vegetable. From X. arborea , X. hastilis , and others, two resins are ob- 
tained ; one of which is known as the Yellow resin of New Holland or 
Botany Bay resin, the other as the Red resin of New Holland or Black-hoy 
gum. The latter appears to be the produce of X. hastilis. Both resins 
exude spontaneousl v from the trunks of the trees, and both possess a fragrant 
balsamic odour. They have been recommended for use in the preparation 
of pastilles, and medicinally in those cases where tolu and other balsams are 
employed. 

Yucca gloriosa and other species which are commonly known under the 
name of Adam’s Needle, yield fibres, but these are little used. The leaves 
of Y. baccata , Y. brevi folia, Y. Whipplei , and Y. angustifolia , natives of 
New Mexico, Arizona, and of South California, have been recommended 
recently as a valuable material for paper manufacture. 

Natural Order 258. Melanthace;*: or CoLCHiCACEiE. — The 
Colchicum Order. — Character. — Herbs , with bulbs, rhizomes, 
or corms (Jigs. 242 and 1066), or tuberous or fibrous roots. 
Flowers regular (Jig. 1067), usually hermaphrodite, or rarely 
unisexual. Perianth inferior, white, green, or purple (Jig. 1066), 
6-partite or 6-leaved. Stamens 6 (Jigs. 514 and 1067) ; anthers 
extrorse (Jig. 514). Ovcvry superior or nearly so, 3-celled (Jig. 
1067) ; style 3-partite (Jig. 1066). Fruit 3-celled (Jig. 1068), 
3-valved, with commonly septicidal dehiscence (Jig. 664), or 
sometimes loculicidal. Seeds with a membranous testa ; embryo 
minute, in fleshy albumen (fig. 1069). 

By Bentham and Hooker the plants of this order are now 
placed in the Liliacese, and essentially constitute the tribe Col- 
chicese of their arrangement. 

Diagnosis . — Herbs. Flowers regular, perfect or rarely uni- 
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sexual. Perianth inferior, 6-partite or 6-leaved. Stamens 6 ; 
anthers extrorse. Ovary superior ; style 3-partite. Fruit a 
septicidal or rarely a ioculicidal capsule. Seeds numerous, 
albuminous. 

Distribution , Examples , and Numbers . — Generally diffused, 
but most abundant in Europe, North America, and the northern 
parts of Asia. Examples of the Genera: — Asagnea, Veratrum, 
Uvularia, Colchicum. There are about 130 species. 

Properties and Uses. — The plants of this order are almost 


Fig. 1066. Fmj. 1067. 



Fia. 10*56. TI owe ring plant of the Meadow Saffron ( Colchicum ault/mnale ). 

Fa). 1067. Diagiam of the flower of the same, with six divisions to 

the perianth, arranged in two whorls ; six stamens ; and a 3-cellod ovary. 

Fiq. 10(>H. Tiansverse section of the fruit.— —Fig 1069. Vertical sec- 
tion ot the seed. 

universally poisonous owing to the presence of powerful alka- 
loids. But m proper doses several are valuable medicines, pos- 
sessing emetic, purgative, diuretic, acrid, and narcotic proper- 
ties. 

Asagrsea officinalis or Schcenncaulon officinale — This plant, a native of 
Mexico, is the source of the official Cevadilla or Sabadilla, of the British 
Pharmacopoeia ; this consists of mixed pericarps and seeds. The seeds 
alone are now, however, commonly exported. Cevadilla is principally em- 
ploy ed as a source of the alkaloid ^eratria, which is probably only contained 
in the seeds. Veratria has been used externally as a rubefacient, in rheu- 
matism, gout, and neuralgic affections, and also internally in similar 
affections m doses of one-twelfth to one-sixth of a grain. It is a most power- 
ful poison. Cevadilla seeds have been employed intemully as an anthelmintic. 
They are called lice seeds bv the Germans, because when powdered and 
applied externally, they destroy vermin. 
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Colchicum. — C. autumnal e, Colchicum or Meadow Saffron. — Both the 
seeds and corms of this plant are official in the British, Indian, and United 
States Pharmacopoeias. They are employed medicinally in gout and rheu- 
matism ; but in improper doses they act as a narcotico -acrid poison. They 
owe their properties essentially to a peculiar alkaloid, called Colchicia. 
The once celebrated French nostrum for gout, called Eau mcdicinale 
d'Husson, owed its properties to Colchicum. The flowers and leaves, more 
especially the latter, are poisonous to cattle, and hence this plant, which, 
moreover, occupies a considerable space, as it has large leaves, should be 
eradicated as far as possible from the pastures in which it is found. The 
JUermodactyls of the Greek physicians and Arabians, and which were 
largely employed by them in diseases of the joints, have been shown by 
Planchon to have been the conns of C. variegatum , the source also of the 
Hermodactyls of the present day. Some other Hermodactyls had a different 
origin. 

Uvular ia. — The species of this genus do not possess the usual poisonous 
properties of the Melanthaceae, but appear to be simply astringent in their 
action. 

Veratrum — The rhizomes of V. album are commonly known as White 
Hellebore roots. They contain several bases, the more important being the 
alkaloid Veratria , and another peculiar alkaloid termed Jervin. White 
Hellebore is a uarcotieo-ncrid poison. It has been employed externally as 
an errhine, and for destroying vermin ; and internally as a purgative and 
anodyne in gout, &c. The dried rhizome and rootlets of V. viride , Green 
Hellebore, are now much employed in the United States, under the name of 
American Hellebore or Swamp Hellebore, as an arterial sedative in inflam- 
matory auctions. John Harley describes its action as occupying a position 
intermediate between colchicum and digitalis. Green Hellebore is official 
in the British, Indian, and United States Pharmacopoeias. 

Natural Order 259. Gilliesiaceje. — The Gilliesia Order. — 
Character. — Small bulbous herbs, with grass-like leaves. 
Flowers perfect, umbellate, spathaceous. Perianth in two 
whorls, the outer consisting of 6 or 8 petaloid lecives, the 
inner minute, and either a single lip-like organ, or urn-shaped 
and 6-toothed. The outer portion of the perianth is regarded 
by Lindley as a whorl of bracts. Stamens 6, all fertile or 3 
sterile. Ovary superior, 3-celled. Fruit a loculicidal capsule, 
3-celled. Seeds numerous, with a black brittle testa ; embryo 
curved in fleshy albumen. 

Distribution, Examples, and Numbers. — They are natives of 
Ohili. There are two genera, Gilliesia and Miersia, and 5 
species. Their properties and uses are unknown. 

Natural Order 260. PoNTEDEftACEAE. — The Pontederia 
Order. — Character. — Aquatic plants. Leaves sheathing at 
the base, with occasionally dilated petioles. Flowers irregular, 
spathaceous. Perianth inferior, 6-partite, petaloid, tubular, 
persistent. Stamens 3 or 6, inserted on the segments of the 
perianth ; anthers introrse. Fruit capsular, occasionally some- 
what adherent to the persistent perianth. Seeds numerous, with 
mealy albumen. 

Distribution , Examples, Numbers, mid Properties. — They are 
natives of the East Indies, Africa, and America. Examples of 
the Genera: — Leptanthus, Pontederia. There are above 30 
species. Their properties are unimportant. 
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Natural Order 261. May ace.®. — T he Mayaca Order.— 
Diagnosis. — Small moss-like plants growing in damp places. 
They are closely allied to Commelynacem, from which they 
differ in their habit ; their 1-celled anthers ; their 1-celled ovary 
and capsule with parietal placentas ; and in their carpels being 
opposite to the inner segments of the perianth. 

Distribution , Examples, Numbers , and Properties. — They are 
found in America from Brazil to Virginia. Mayaca is the only 
genus, of which there are 4 species. Their properties and uses 
are unknown. 

Natural Order 262. Commelynaoe.® — The Spider-Wort 
Order. — Character. — Herbs , with flattened, narrow, usually 
sheathing lea res. Perianth inferior, more or less irregular, in 6 
parts arranged in two whorls ; the outer parts being green, per- 
sistent, and opposite to the carpels ; the inner petaloid. Sta- 
mens 3 or 6, some generally abortive, hypogynous ; anthers 
2-celled, inirorsa. Ovary 3-celled, superior; style 1. Cap- 
sule 2 — 3-celled, 2 — 3-valved, with loculicidal dehiscence and 
axile placentation. Seeds few, with a linear hilum ; embryo 
shaped like a pulley, remote from the hilum, in dense fleshy 
albumen. 

Distribution , Examples , and Numbers. — They are chiefly 
natives of India, Africa, Australia, and the West Indies. Ex- 
amples of the Genera : — Commelyna, Tradescantia. There are 
above 260 species. 

Properties and Uses. — Their properties are unimportant. 
The rhizomes of some species, as those of Commelyna tuberosa , 
C. angustifolia , and C. striata , contain much starch, and when 
cooked are edible. Others have been reputed astringent and 
vulnerary, and some emmenagogue, Ac. 

Natural Order 263. X y r l d aceyE . — T he Xyris Order. — 
Character. — Sedge-like herbs. Leaves radical, sheathing, en- 
siform or filiform. Flowers perfoct, in scaly heads. Peri- 
anth inferior, 6-partite, arranged in two whorls, — the outer 
glumaceous, distinct, and opposite the carpels ; the inner peta- 
loid and united. Stamens 6, 3 being fertile and inserted on the 
petaloid perianth ; anthers extrorse. Ovary superior, 1-celled, 
with parietal placentas. Capsule 1-celled, 3-valved. Seeds nu- 
merous, orthotropous ; embryo minute, on the outside of fleshy 
albumen. 

Distribution , Examples , and Numbers. — Exclusively natives 
of tropical and sub-tropical regions. Examples of the Genera : — 
Xyris, Rapatea. There are about 70 species. 

Properties and Uses. — Unimportant. The leaves and roots 
of some species of Xyris have been employed in cutaneous 
affections. 

Natural Order 264. PhilydraceyE. — The Water- wort Order. 
— Character. — Herbs with fibrous roots. Learns equitant, 
ensiform, sheathing. Flowers surrounded by spathaceous per- 
sistent bracts, solitary. Perianth inferior, in 1 whorl, 2-leaved, 
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petaloid. Stamens 3, 2 of which are abortive ; filaments united, 
Ovary superior, 3-celled, with axile placentas. Fruit a loculi- 
cidal capsule. Seeds numerous with an embryo in the axis of 
fleshy albumen. 

Distribution , Examples , Numbers , and Properties. — They are 
natives of China, Cochin China, and New Holland. There are 
two genera, Philydrum and Heteeria, and 2 species. Their pro- 
perties and uses are unknown. 

Natural Order 2C5. Juncace^e. — The Rush Order (figs. 1070 
and 1071). Sedge or grass-like herbs with tufted or fibrous roots. 
Leaves with parallel veins, fistular or more or less flattened 
and grooved. Flowers regular (fig. 1070), usually glumaceous, 
or sometimes petaloid. Perianth inferior, G-partite (fig. 1070), 
persistent. Stamens 6 (fig. 1070), or 3, perigynous ; anthers 


Fig. 1070. 


Fig. 1071. 




Fiq. 1070. Flower of a species of Wood-rush ( Luzula ), having an inferior 
perianth with 6 divisions, 6 stamens, anrl a superior ovary with 1 style 
and 3 stigmas. Fig, 1071. Vertical section of the seed of the same. 

inirorse, 2-celled. Ovary superior (fig. 1070), 1 — 3-celled ; style 
1 (fig. 1070), stigmas 3 (fig. 1070) or 1. Fruit a loculicidal 
capsule, 3-valved, and with 1 or many seeds in each cell ; rarely 
1-celled, 1-seeded, and indehiscent ; embryo very minute, in 
fleshy or homy albumen (fig. 1071). 

Distribution , Examples , and Numbers. — A few are found in 
tropical regions, but the mass of the order inhabit cold and 
temperate climates. Examples of the Genera: — Luzula, Juncus, 
Narthecium. There are about 200 species. 

Properties and Uses.— Their medicinal properties are unim- 
portant, although some have a reputation as anthelmintics and. 
diuretics. Narthecium ossifragum is poisonous to cows fed on it. 
The pale cellular tissue at the base of some of the leaves of 
certain species is occasionally eaten. The chief use, however, 
to which the plants of this order are applied, is in making floor 
mats, and the bottoms of chairs, &c. The leaves of the spe- 
cies of Juncus are employed for these purposes. The internal 
celhilar substance of the fistular leaves of Junci , which is com- 
monly called the pith, is also employed for the wicks of rushlights. 
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In China, a decoction of this cellular matter is also much used 
as a cooling medicine in febrile affections. It is likewise em- 
ployed in the manufacture of sun-hats, resembling those made in 
India from JEschynomene aspera , but they are not so durable as 
the Sola or Shola hats of Calcutta. (See jEschynomene.) 

Natural Order 266. Acorace^e or OrontiacE^e. — The Sweet 
Flag or Orontium Order. — C haracter. — Herbs. Flowers per- 
fect, arranged on a spadix, and with or without a Bpathe. 
Perianth absent, or composed of scales, which are inferior. 
Stamens equal in number to the scales of the perianth, 4 — 8, 
hypogynous or perigynous. Ovary superior, 1 or more celled. 
Fruit baccate. Seed with an axile embryo which is cleft on one 
side ; usually with fleshy or mealy albumen, or rarely exalbu- 
minous. This order is commonly regarded as a division of the 
Aracese, but we place it here, in accordance with the views of 
Lindley, on account of its plants possessing perfect flowers. 

Distribution , Examples, and Numbers. — They aie found in 
cold, temperate, and tropical regions. Examples of the Genera : 
— Calla, Orontium, Acorus. There are about 70 species. 

Properties and Uses. — The plants generally of this order have 
acrid properties, but this acridity may usually be got rid of by 
drying and by heat, and then the rhizomes of certain species 
may be eaten. Some are aromatic stimulants ; others antispas- 
modic, expectorant, or diaphoretic. 

Acorus Calamus , Sweet Flag. — The rhizome is an aromatic stimulant, 
and is regarded by many as a valuable medicine in agues, and as a useful 
adjunct to other stimulants and bitter tonics. It is reputed to be sometimes 
employed by the rectifiers of gin. The candied rhizomes are employed by the 
Turks as a preventive against contagion. In India the rhizome is occasionally 
used as an insoctifuge and insecticide, more especially in relation to fleas. 
The volatile oil which may be obtained from it by distillation is used for 
scenting snuff, and in the preparation of aromatic vinegar. 

Calla palustris has acrid rhizomes, but by drying, washing, grinding, 
and baking, these have been made into a kind of bread in Lapland. 

Drncontivm. — The fresh roots of D. pvlyphyllum are in repute in Malabar 
for their antispasmodic properties. 

Symplocarpus foetidus , Skunk Cabbage. — The root has a very foetid 
odour, especially when fresh. It is considered in the United Stat<s as an 
efficacious nervous stimulant, and has been used in spasmodic asthma, whoop- 
ing-cough, catarrh in old people, and in other diseases. Its properties are 
much impaired by keeping. 

Natural Order 267. Palmace^e. — The Palm Order. — Cha- 
racter. — Trees or shrubs , with simple unbranched (fig. 188, 1), 
or rarely dichotomously branched trunks (fig. 196). Leaves ter- 
minal (fig. 188, 1), large, with sheathing stalks. Flowers perfect 
(figs. 1074 and 1075) or unisexual (figs. 1072 and 1073), arranged 
generally on a branched spadix (fig. 412), which is enclosed by a 
spathe. Perianth inferior, in two whorls, each of which is 
composed of three parts (figs. 1072 and 1073). Stamens 6 (figs* 
1072 and 1074), 3, or numerous, hypogynous or perigynoua. 
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Ovary superior (Jigs. 1074 and 1075), 1 — 3- (Jig. 1073) celled. 
Fruit (Jig. 1076) nut-like, baccate, or drupaceous. Seeds with a 
minute embryo (Jigs. 1076, e, and 1077), in a cavity of the 
albumen (Jig. 1076, d) ; albumen fleshy or homy (Jigs. 1076, 
and 1077), often ruminate (Jig. 752 , p). 

Distribution , Examples , a'nd Numbers . — Most of the plants 
are tropical, but a few occur in temperate regions. Examples oj 
the Genera : — Leopoldinia, Areca, Sagus, Chamterops, Attalea, 
Cocos. There are above 600 species. 


Fig. 1072. 



Fig. 1073. 



Fig. 1074. Fig. 1075. 



Fiq. 1072. Diagram of a staminate flower of the Fan Palm ( r hamoc7'opi)j 

with six divisions to the perianth, and six stamens. Fiq. 1073. Diagram 

of a pistillate flower of the same, with six divisions to the perianth, and 

a 3-celled ovary. Fiq 1074. Hermaphrodite flower of the Blue Palmetto 

(Chamceiops hystnr), with the perianth removed, ov. Ovary, si. Sta- 
mens. Fig. 1075. The same, with three of the stamens removed, so as 

to exhibit more completely the three carpels composing the pistil, it. 

Stamens, c. Carpels. Fiq. 1076. Vertical section of the fruit of the 

Cocoa-nut Palm ( Cocos nunfera) a. The two outer layers or husk of the 
l>ericarp. b. Endocarp, inner layer, or shell, c. Albumen d. Cavity in 

the albumen, e , Embryo. Fig. 1077. Vertical section of the seed of 

the Fan Palm. 


PropeHies and Uses . — Of all orders of plants, there is none, 
with the exception of that of the Grasses, so valuable to man 
as regards their dietetical and economic applications as that 
of the PalmB. These plants supply him with sugar, starch, oil, 
wax, wine, resin, astringent matters, and also edible fruits and 
seeds. Their terminal leaf* buds, when boiled, are eaten as a 
vegetable. Their leaves are applied in various ways, as for 
thatching, materials for writing upon, and in the manufacture of 
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hats, matting, &c. ; their wood is applied to many useful pur- 
poses ; the fibres of their petioles and fruits supply materials 
for cordage, cloth, and various other textile fabrics ; and the 
hard albumen of their seeds is applicable in many ways. But 
in a medicinal point of view they are of very much less impor- 
tance ; indeed, they do not supply any important article of the 
materia medica used in Europe, although in tropical countries 
they are of more value, and in frequent use as medicinal agents. 

Areca. — A. Catechu , the Betel Nut Palm. — The seeds are known under 
the name of Betel Nuts or Areca Nuts; thev are official in the British 
Pharmacopoeia. In the South of India an extract is made from these nuts, 
which is said to constitute the commercial variety of Catechu, known as 
Colombo or Ceylon Catechu, although it i«» doubtful whether any Catechu 
is piepared in Ceylon It is the Betel Nut Catechu of Pereira. In its pro- 
perties and uses this Catechu resembles that obtained from Acacia Catechu , 
and the official Catechu from Uncaria Gambier. (See Uncaria.) Areca 
nuts are regarded as astringent, and valuable therefore as a remedy in 
diarrhoea. The powdered seeds or nuts have been long employed as an 
anthelmintic for dogs, and Areca has now been introduced into the British 
Pharmacopoeia, on account of its supposed efficacy in promoting the expul- 
sion of the tapeworm, and of the round worm in the human subject. Char- 
coal prepared from the Areca nut is termed Areca-nut charcoal, and is used 
in this country as a tooth-powder. It does not appear to have any value 
over that of ordinary charcoal. The Betel Nut is one of the ingredients in 
the famed masticatory of the East, called Betel. (See Piper.) The dried 
expanded leaf-stalks have been used in India as splints. — A. oleracea is 
known as the West Indian Cabbage Palm, its young terminal bud when 
boiled being eaten as a vegetable. 

Arenga aacckarifera , or Saguervs saccharifer, the Areng or Gommuti 
Palm, supplies abundance of palm sugar in the Moluccas and Philippines. 
Palm sugar is usually obtained by boiling the juice which flows out from 
this and many other Palms upon wounding their spathes and surrounding 
parts; it is commonly known in India by the name of Jaggery. The juice 
(toddy) of the Gommuti Palm, when fermented, produces an intoxicating 
liquid. In Sumatra it is termed tieva, and a kind of spirit ( arrack ) is distilled 
from it in Batavia. From the trunk of this Palm, when exhausted of its 
saccharine juice, a good deal of our commercial Sago is obtained. A single 
tree will yield from 150 to 200 pounds of Sago. (See also Metroxylon.) 
The juice of the fruit is very acrid. The stiff strong liorsehair-like fibre 
known under the name of Gommuti or Ejow fibre is derived from the leaf- 
stalks of this palm. 

Attalea. — A.funifera , Mart. — The fruits of this species are largely im- 
ported ; they constitute the Coquilla nuts of commerce. They are also termed 
urucuri nuts. Their pericar] s are very hard, and form a useful mat( rial for 
the handles of doors, drawers, sticks, umbrellas, &c. The pendulous fibres 
of the petioles supply the coarser variety of Piassaba, known in commerce as 
Bahia Piassaba, the other and finer kind being derived from Leopoldinia 
Piassaba . (See Leopoldinia.) This coarse kind is obtained from Bahia. 
Other species of Attalea appear to yield similar fibres. From the seeds of 
A. Cahouni , the Cahoun Palm, a fatty oil may be obtained. They have been 
imported for this purpose. The seeds of A. Compta , the Pindova Palm, are 
much esteemed in Brazil, and the leaves are also used for making hats, &c. 

Borassus jlabelliformis, the Palmyra Palm. — From the juice of this Palin 
toddy and arrack are procured in large quantities in India. Palmyra fibres 
are also obtained from its leaves, and Palmyra wood from the trunk. 

Calamus.— Several kinds of walking-canes are obtained from species of 
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this germs, as C. Scipionum, the Malacca cane ; C. Rotavg and C. Rudentum , 
Hat tan canes. Partridge canes and Penang lawyers are also the produce 
of undetermined species. — C. verus , C. viminalis , and other species, are like- 
wise botanical sources of the canes now largely used for walking-sticks, and 
for chair bottoms, couches, &c. About twenty millions are annually im- 
ported, the value of which is about 40,000/. The fruit of C. Draco , and of 
probably other species, is the chief source of the astringent resinous substance 
known as Dragon’s Blood. (See also Rterocaipus Draco and Dracaena 
Draco .) 

Caryota urens . — From this palm sugar may be procured, and its juice 
forms a kind of toddy or palm wine. From the trunks of the old trees a 
kind of Sago is obtained in Assam. 

Ceroxylon or lriartea andicola . — The trunk and axils of the leaves of 
this palm secrete wax, which may be applied to many useful purposes. It 
is a native of New Granada. 

Chamaerops . — C. hurnilis is the only Palm found wild in Europe. It sup- 
plies fibres which have been used as a substitute for horsehair, and in Sicily 
its different parts are applied to various purposes, ns walking-canes, and for 
the making of hats, baskets, &c. The leaves, under the name of Palmetto 
leaves, have been imported and used for paper-making. Its young leaves or 
buds arc also eaten as cabbage. Palm wine or toddy is also collected from 
the spathes. The material employed for the Brazilian chip or grass hats is 
obtained from C. urgentea. 

Cocos nucifera , the Cocoa-nut Palm. — This is perhaps the most valuable 
of all the Palms. An impure sugar, called Jaggery, is largely obtained 
from the juice which fiows out when its spathes and their neighbouring parts 
are injured. The fresh juice is termed Toddy. A spirit called arrack is also 
prepared to a great extent from the fermented juice, as aho vinegar. The 
albumen of the seeds, which are commonlv known as Cocoa-nuts , and the 
liquid portion within this (cocoa-nut milk), form an important part of the 
food of the inhabitants of tiopical regions. In large doses this milk when 
fresh has been used in India as an aperient. The Cocoa-nut is also largely 
consumed in this country. From the albumen the concrete oil known as 
Cocoa-nut oil , or Cocoa-nut butter , is obtained. It is extensively employed 
for making candles and soap. In India it is much esteemed as a pomatum, 
but its uupleasant odour, and the rancid character which it soon acquires, 
prevent its use in this country for such a purpose. The oleine obtained by 
pressure from the crude oil, and afterwards purified by alkalies, &c., has 
been recommended as a substitute for cod-liver oil, but although its use has 
been favourably reported upon by some physicians, its employment has not 
been generally approved. From the fibrous portion of the pericarp of the 
fruit of the Cocoa-nut Palm the strong fibre called C'oir or Cocoa-nut fibre 
is obtained. Coir is remarkable for its durability, and is accordingly much 
used for eoidage, fishing-nets, matting, scrubbing-brushes, &c. The wood 
of the Cocoa-nut Palm is very haid, handsome, and durable, and is employed 
for several purposes under the name of Porcupine Wood. 

Coper / icia cerijera, the Carnauba Palm, is a native of the Brazils. On 
the lower surface of its leaves wax is secreted, which is occasionally im- 
ported under the name of Carnauba or Brazilian Wax. The root is said 
to resemble sarsaparilla in its medicinal properties, and has recently been 
imported into this country. 

Corypha umbrae ulif era, the Talipot Palm, yields a kind of Sago in 
Ceylon, out this is not an article of commerce. 

JElais guineensis and E. melanococca, the Guinea Oil Palms. — The sarco- 
carp of the drupaceous fruits of these Palms abounds in oil, which when 
extracted is known as Palm Oil. This is a solid butter-like oil, of a rich 
orange-yellow colour, and is extensively used in thin country and elsewhere 
m the manufacture of soap and candles, and for lubricating the wheels of 
rail way -carriages, &c. In Africa Palm Oil is used as food by the natives. 
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The hard stony pntamen of the same fruits also yields a limpid oil. Palm 
wine or toddy is likewise obtained from the wounded spathes of these Palms. 

Euterpe. — E.montana is one of the Cabbage Palms. It is so called from 
the circumstance of its young terminal leaf-bud being boiled and eaten as 
a vegetable. From the fruits of other species, as E. edulis and E. As$ai y 
pleasant beverages are prepared. 

Hyphame thebaica , the Doum Palm of Egypt (Jig. 196). The pericarp 
of its fruit resembles gingerbread ; hence this plant is sometimes known as 
the Gingerbread tree. 

Leopoldmia Piassaba. — The persistent petiole-bases of this Palm termi- 
nate in long pendulous beards of bristle-like fibres ; these are cut off from 
the young plants after having been previously combed out by means of a 
rude comb, and now form an important article of commerce in Brazil. The 
fibres are known under the names of Piassaba or Pia9ava, Para Grass, or 
Monkey Grass. They are chiefly used as a substitute for bristles by brush- 
makers", and for making the stout brooms now commonly employed for clean- 
ing the streets, &c. Two kinds of Piassaba fibre arc known in commerce-— 
one. the finer variety, imported from Para, and therefore known in commerce 
as Para Piassaba, which is derived from this plant ; and a coarser kind ob- 
tained from Attalea funifera. (See Attafea.) According to Spruce, f he pulp of 
the ripe fruit yields a delicious drink, resembling cream in colour and taste. 

Mauntiu vinifera, the Muriti Palm, and M. jlexuosa, yield a large 
quantity of toddy. 

Metroj ylon (Sagas). — From the trunks of M. Sagu or 31. Iseve, and 31. 
liumphd, the principal part of our Sago is obtained; from the former as 
much as 800 lbs. may be procured from a single plant. Sago is principally 
imported into this country from Singapore. The average importation for 
some years has exceeded 4,000 tons. All the Sago consumed in this 
country is derived trom these palms and Arenga saccharijera. ( See A renga 
and Cycas.) 

Phoenix. — P. dactylifera is the Date Palm. 1 he fruits called Dates are 
nutritious, and afl'ord the principal food of the inhabitants of some parts of 
Africa and Arabia. Animals are also fed upon them. They are imported 
into this country, and used for dessert, but they are not so much esteemed 
as they deserve. They have been lately employed as a food for cattle, but at 
present their price is too high to allow of any great consumption for such 
a purpose. They are also now much used in the preparation of what has 
been called * Date Coffee.’ The Date Palm is the Palm commonly referred 
to in Scripture. The juice (toddy) affords sugar, and an intoxicating 
beverage termed lagbi is also sometimes obtained from it. The leaves, the 
fibre 4 - obtained from the leaf-stalks, the wood, and in fact nearly every part 
of this palm is applied to some useful purpose.— / 3 , sylvestris , the Wild Date 
Palm, is the plant from which the largest quantity of palm sugar is ob- 
tained. It is a native of India, where it is said 130,000,000 pounds of 
sugar are annually extracted from it. Palm sugar resembles cane sugar 
in flavour. The total amount of palm sugar obtained from the different 
kinds of Palms has been estimated by Johnston, at 220,000,000 pounds. 
— P. farinifera yields an inferior kind of Sago, which is used in some parts 
of India. 

Phytelephas macrocarpa. — The hard albumen of the seed of this Palm 
constitutes the vegetable ivory of commerce ; this is used extensively by the 
turners ; but their principal consumption is for button-making. They are 
usually imported from Guayaquil The fruits are supposed to present some 
resemblance to negroes’ heads, and are hence termed Cabeza del negro. 

Raphia Rvffia. — The integument peeled off the young leaves of this 
palm is said to constitute the substance known as Manilla Bast and Raphia 
Bast , which is used as a tying material by gardeners. 

Seafortfna elegans. — This Palm produces the Moreton Bay canes of com- 
merce. 

z z 2 
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Natural Order 268. J ttnoagtita ceje . — The Arrow-grass 
Order. — C h ar a c t e r. — Herbs , growing in marshes. Leaves with 
parallel veins. Flowers perfect, whitish or greenish. Perianth 
small, more or less scaly, inferior, in two whorls, each containing 
three pieces. Stamens 6 ; cmthers usually extrorse. Carpels 
3 — 6, separate or more or less united ; ovules 1 — 2. Fruit dry, 
ultimately separating into as many parts as there are carpels. 
Seeds attached to axile or basal placentas, exalbuminous ; embryo 
straight, with a lateral cleft (Jigs. 756 and 757). 

Distribution , J Examples, and Numbers. — The plants of this 
order are found more or less in nearly all parts of the world, 
but are most abundant in temperate and cold regions. Examples 
of the Genera: — Triglochin, Potamogeton, Ouvirandra. There 
are about 50 species. 

Properties and Uses. — Of little importance. 

Ouvirandra fenestralis , a native of Madagascar, is commonly known 
under the name of the Lattice-leaf plant, from its leaves resembling open 
lattice-work. Its roots are of a fleshy farinaceous nature, and form an 
article of food ; hence the name Ouvirandram, bv w hich the plant is known 
in Madagascar, the literal meaning of which is \Vater-yam. 

Natural Order 269. AlismacEjE. — T he Alisma Order. — 
Character. —Swamp) or floating plants. Leaves narrow or with 
an expanded lamina, parallel-veined. Flowers perfect ( Jigs . 

Fig. 1078. Fig. 1079. 



Fig. 1078. Flower of a species of Alisma, with an inferior perianth, arranged 
in two whorls, each consisting of three parts ; six stamens ; and numerous 
separate carpels. Fig. 1079. Vertical seotion of the same flower. 


1078 and 1079) or very rarely unisexual. Perianth inferior, 
arranged in two whorls, each consisting of three parts (Jig. 1078) ; 
the outer whorl herbaceous, the inner coloured. Stamms (Jig. 
1078) few or numerous ; anthers introrse. Ovaries several (Jig. 
1078), superior, 1-celled ; ovules solitary or 2-superposed ; pla- 
centas axile or basal (fig. 1079). Fruit dry. Seeds without albu- 
men ; embryo undivided, curved. 


BITTOMACE^. PANDANACEJ2. 709 

Distribution , Examples, and Numbers. — These plants are prin- 
cipally found in the northern parts of the world. Examples of 
the Genera : — Alisma, Sagittaria, Actinocarpus. These are the 
only genera ; there about 50 species. 

Properties and Uses. — Of little importance. Many have 
fleshy or mealy rhizomes, which are edible when cooked. Others 
possess astringent properties. Alisma Plantago had formerly a 
reputation as a remedy in hydrophobia. 

Natural Order 270. Butomace^e.— T he Butomus or Flower- 
ing Rush Order. — Character. — Aquatic plants with parallel- 
veined leaves, sometimes 
milky. Flowers perfect (figs. 

031 and 1080), showy. Peri- 
anth inferior, of six pieces, 
arranged in two whorls (fig. 

10S0), the inner being coloured. 

Stamens few (fig. 1080) or nu- 
merous. Ovaries suj)erior (fig. 

1080), 3—0 (fig. 587) or more, 
more or less distinct ; ovules 
numerous, arranged all over 
the inner surface of the ovaries 
(fig. 031). Bruit many-seeded, /ty. 1080 , A flower of the Flowering Kush 
separating more or less when ( Jiutomus unMlatva), with on inferior 

ririft into ns mnnv rmrtR n,« perianth, arranged in two whorls ; nine 

ripe into as many parts as tnere stamens ; ami six carpels. Fig. 1081. 

are component carpels. Seeds Vertical section of the seed. 

without albumen (fig. 1081). 

Distribution , Examples , and Numbers. — A few plants of this 
order occur in tropical countries, but the greater number inhabit 
the northern parts of the world. Examples of the Genera : — 
Butomus, Limnocharis. There are about 7 species. 

Properties and Uses. — Of little importance. Butomus umbel- 
latus , the Flowering Rush, possesses acrid and bitter properties, 
and was at one time used in medicine. The roasted rhizomes 
are edible. 


Flo. 1080. Fig. 1081. 



3. Diclines. 

Natural Order 271. Pandanace^e. — The Screw -pine Order. 
— Character. — Palm-like trees (fig. 188, 2) or shrubs. Leaves 
sheathing, imbricate, and spirally arranged in 3 rows, simple or 
pinnate. Flowers unisexual or polygamous, numerous, arranged 
on a spadix, with many spathaceous bracts. Perianth absent 
or scaly. Stamens numerous ; anthers 2 — 4-celled. Ovaries 
1-celled ; omles solitary or numerous, on parietal placentas. 
Fruit consisting of a number of 1-seeded fibrous drupaceous car- 
pels, or baccate, and many-celled, and many-seeded. Embryo 
minute, solid, at the base of fleshy albumen. 

Distribution , Examples, and Numbers . — Exclusively tropical 
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plants. Examples of the Genera : — Pandanns, Carludovica. 
There are about 75 species. 

Properties and Uses. — None possess any very active properties. 
Pandanus has edible seeds. The juice which flows from the 
wounded spadices of Nipa , when fermented, furnishes a kind of 
wine. The fruit of Nipa fruticans is the Atap of India. The 
young unexpanded leaves of Carludovica palmata furnish the 
material employed in the manufacture of Panama hats. . 

Natural Order 27 2. TYPHAOEiE. — The Bulrush Order. — 
Character. — Herbs growing in watery places. Leaves rigid, 
linear, sessile, parallel- veined. Flowers monoecious, arranged 
on a spadix, or in heads without a spathe. No true perianth, 
merely scales or hairs. Male flower with 1 — 0 distinct or mon- 
adelphous stamens , with long filaments, and innate anthers. 
Female flower a solitary 1-celled carpel, with a single pendulous 
ovule. Fruit indehiscent. Seed with mealy albumen ; embryo 
axial with a cleft on the side ; radicle next the hilum. 

Distribution , Examples , and Numbers. — A few are found in 
tropical and warm climates, but they are most abundant in the 
northern parts of the world. Examples of the Genera : — Typha, 
Sparganium. These are the only genera ; they include about 13 
species. 

Properties and Uses. — Unimportant. 

Typha. — The young shoots of T. latifolia and T. angmtifolia are some- 
times boiled, and eaten like Asparagus ; their rhizomes are also edible $ 
and their pollen is inflammable. The pollen of some species of Typha is 
edible ; thus that of T. elephantma is made into a kind of bread in Scmde, 
and that of T. utilisin New Zealand. Some species are said to be astringent 
and diuretic. 

Natural Order 273. Akace^e. — T he Arum Order. — Cha- 
racter. — Herbs or shrubs with an acrid juice, and subterranean 
tubers, corms, or rhizomes (fig. 1082). Leaves sheathing (fig. 
1082, l ), usually net- veined, simple or rarely compound. Flowers 
monoecious, arranged on a spadix (figs. 398 and 1083) within a 
spathe (fig. 398). Perianth none (fig. 1083). Male flower : — 
Stamens few or numerous ; anthers extrorse, sessile (fig. 499) or 
upon very short filaments. Female flower : — Ovary (fig. 1084) 
1-celled, or rarely 3 or more celled. Fruit succulent (fig. 1082, c). 
Seeds pulpy, with mealy or fleshy albumen (fig. 1085) or rarely 
exalbuminous ; embryo axial, slit on one side. (See Acoraceae.) 

Distribution , Examples , and Numbers. — They abound in tro- 
pical countries, but a few also occur in cold and temperate 
regions. Examples of the Genera: — Arum, Caladium, Richardia. 
There are about 170 species. 

Properties and Uses. — The plants of this order are all more or 
less acrid, and often highly poisonous. But this acrid principle 
is frequently volatile, or decomposed by heat ; hence it may be 
in such cases more or less destroyed by drying or exposing to heat 



ARACEJ!. 


711 


the parts in which it is found. The i>est method of getting rid 
of the acridity is, however, by boiling in water, as the acrid 
matter is also commonly soluble in that fluid. Starch is usually 

Fig. 1082. Fig. 1083. 




Fig. 1084. 



Fig. 1085 . 



Fi<f. 1082. A plant of the Cuckoo-pint ( Arum 
maut latum) m fruit, b. Corm l. Leaf. «. 

The remains of tlie spathe. c. Fruit. Fig. 

1083. The spadix of the same w ith the spathe 
removed ; the flowers are all naked and uni- 
sexual, the pistillate flowers being below, 
thestunnnate above, and tboso in the centre 
being abortive. Fig. 1084. Vertical sec- 

tion oi the pistil of tbe same. Fig . 1083. 

Veitieal section of the seed. 


associated with the acrid principle, and when extracted may be 
used for food like other starches. The underground stems or corms 
of many species, when cooked, are eaten in different parts of the 
world. 

Arisaoma atrorulens, Dragon- Root, Indian Turnip. — From the corm of 
this plant a nutritious fecula is obtained in the United States. The conn is 
also given internally as a stimulant, in rheumatism, bronchial and other 
affections, and is likewise used extensively as an application to aphthous 
affections in children. 

Aram . — Tlie underground stems or corms of some of the species of this 
genus contain a large quantity of starch ; thus those of A. maculatum> Wake- 
Robin, Cuckoo-pint, or Lords and Ladies, a common native of this country, 
are the suurce of what has been called Portland Sago or Arrowroot; 1 
peck of corms j ielding about 8 lbs. of starch. But the preparation of this 
starch is now, in a commercial point of view, given upu Formerly the 
corms were used medicinally as diuretics and expectorants. When fresh, 
thev act as an irritant poison. — A. campanulatum and A. indicum produce 
edible corms. 
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Caladittm bicolor. — The corjps of this and other species, when cooked, are 
edible. They are sometimes, but improperly, called ‘Yams’ in tropical 
countries. (See Dioscorea .) 

Colocasia. — C. esculenta and other species have large fleshy corms which 
are much used in the West Indies, Madeira, &c.,as food, under the names of 
Yams (see Caladium bicolor ), Cocoes, or Eddoes. — C. himalensis has also 
edible corms. They are used for food in the Himalayas. — C. antiquorum is 
applied to a like purpose in Egypt, and the corms of C. macrorhiza are also 
eaten in the South Sea Islands under the name of Tara. 

Rhap/ndophora vitiensis, which is probably a variety of R. pertusa, is 
stated by Holmes to be the botanical source of the tibrous portion of the 
remedy now known under the name of ‘Tonga,’ and which is largel}' used 
as a remedy in neuralgia. Its native name is ‘ nai yalu,’ or ‘ walu.’ A. 
W. Gerrard has found this portion to contain a volatile alkaloid, which he 
has named tongine. The other constituent of Tonga is said to be the inner 
bark of Premna taitensis. (See Premna.') 


Natural Order 274. Pistiace^e or Lemnace.e. — The Duck- 
weed Order. — Char act er.— Floating aquatic plants (fig. 247), 
with lenticular or lobed leaves or fronds. Flowers 2 or 3, en- 
closed in a spathe (fig. 1 086), monoecious, placed on the margin 


Fig. 1086. 



Fig. 1087. 



Pig. 1086. A monoecious head of flowers of a species of Duckweed (. Lemna 
minor), consisting of two male flowers, each of which is composed of a 
solitary stamen with a quadrilocular anther ; and one pistillate flower in 

the centre; the whole surrounded by a spathe. Fig. 1087. Vertical 

section of the pistil of the same. 

(fig. 247) or surface of the frond, or in the axils of leaves. Peri- 
anth none. Male flower with 1 (fig. 1086) or a few stamens, which 
are often monadelphous. Female flower consisting of a 1-celled 
ovary (fig. 1087), with one or more erect ovules. Fruit 1- or more 
seeded, membranous or baccate, indehiscent or sometimes de- 
hiscent. Embryo straight, cleft, in the axis of fleshy albumen. 

Distribution , Examples , Numbers , and Properties. — They in- 
habit cool, temperate, and tropical regions. Examples of the 
Genera: — Lernna, Pistia. There are above 20 species. Their 
properties are unimportant. 
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Natural Order 275. Naiadace^— T he Pondweed Order. — 
Character. — Aquatic plants, with jointed cellular stems. 
Leaves with interpetiolar membranous stipules. Flowers small, 
unisexual (figs. 1088 and 1089). Perianth either wanting or 
present, and composed of 2 or 4 parts. Stamens few, hypogy- 
nous ; pollen globose. Ovaries 1 or more, superior (fig. 1089) ; 
ovule solitary (fig. 1090). Fruit 1-celled, 1-seeded (fig* 1091). 
Seed exalbuminous ; embryo with a lateral cleft. 

Fig. 1088. 


Fig. 1089. Fro. 1090. 



Fig. 1088. Two flowers of the Horned Pondweed ( ZnnniehelUa palnstris ), one 
stammate. the other pistillate. Fig. H'89. The pistil of the same, com- 
posed of four jerfect carpels, and one imperfect. Fig. 109U. Vertical 

section of one of the carpels. Fig. 1091. Vertical section of the truit 

and seed. All magnified. Alter Lmdley. 


Distribution , Examples, and Properties. — Chiefly found in 
extra-tropical regions. Examples of the Genera : — Naias, Zanni- 
chellia. They have no known uses. 

Natural Order 27G. Zosteraceas.— T he Sea^ wrack Order. — 
Diagnosis. — This is a small order of marine plants with the 
habit of Sea-weeds. They are usually associated with the 
Naiadacete, but from which they are principally distinguished 
by their filamentous or confervoid pollen, and also, commonly, 
by the complete absence of a perianth. 

Distribution , Examples , and Numbers. — They are widely dis- 
tributed in the ocean in various quarters of the globe. Examples 
of the Genera : — Amphibolis> Zostera. There are about 12 species. 

Properties and Uses. — Their properties are of little importance. 

Zostera marina , Sea-wrack, is fn common use for packing, and for stuff- 
ing chairs, mattresses, &c., under the name of Aim ( XTlm or Alga) marina. 
It has also been recommended for paper-making, but it is a very unsuitable 
material for that purpose. 



Ill hydrocharidacej:. restiace^. eriocaulacejs. 


Natural Order 277. Triuridacejs. — T he Triuris Order. — 
Diagnosis . — This is a small order of plants closely allied 
to Naiadacete, but usually to be distinguished by its rudimentary 
embryo. The flowers are, also, sometimes perfect. 

Distribution , Examples, Numbers , and Properties. — Exclu- 
sively found in warm and tropical regions. Examples of the 
Genera : — Triuris, Sciaphila. There are 8 species. Their pro- 
perties and uses are unknown. 

Natural Order 278. Hydrocharidace^:. — T he Hydrocharis 
or Frog-bit Order. — Character. — Aquatic plants. Flowers 
spathaceous, regular, dioecious or polygamous. Perianth supe- 
rior, in 1 or 2 whorls, each composed of 3 pieces, the inner 
petaloid. Stamens few or numerous. Ovary inferior, 1 — 9-celled. 
Fruit indehiscent. Seeds numerous, exalbuminous. 

Distribution , Examples , Numbers , and Properties. — Inhabi- 
tants of fresh water in Europe, North America, East Indies, and 
New Holland. Examples of the Genera : — Anacharis, Vallis- 
neria, Hydrocharis. There are about 25 species. Their pro- 
perties are unimportant. 

Natural Order 279. RESTiAOEiE. — The Restio Older. — 
Character . — Ilerbs or under-shrubs. Leaves simple and ; nar- 
row, or entirely absent. Stems stiff, either naked, or m or e 
commonly with slit equitant leaf-sheaths. Flowers with gltyma- 
ceous bracts , spiked or aggregated, generally unisexual. No 
true perianth , its place being usually supplied by glun\es. 
Stamens 2—3, adherent to 4 — 6 glumes, or the latter are some- 
times absent ; anthers generally 1-celled. Ovary 1 — 3-celled, with 
1 pendulous ovule in each cell. Fruit capsular or nut-like. Seeds 
albuminous, without hairs ; embryo lenticular, terminal. 

Distribution , Examples , and Numbers . — Natives principally 
of South Africa, South America, and Australia. Some are also 
found in the tropical parts of Asia ; but none occur in Europe. 
Examples of the Genera Leptocarpus, Restio. There are about 
180 species. 

Properties and Uses. — Unimportant. The wiry stems of some 
species have been used for basket-making, Ac., and for thatching. 

Natural Order 280. Eriocaulace.®. — T he Eriocaulon or 
Pipewort Order. — Character. — Aquatic or marsh plants. 
Leaves clustered, linear, usually grass-like. Flowers minute, 
unisexual, in dense heads, each flov er arising from the axil of a 
membranous bract. Perianth tubular, 2 — 3-toothed or lobed. 
Stamens 2 — 6 ; anthers 2-cell ed, introrse. Ovary superior, 2 — 3- 
celled. Fruit dehiscent, 2 — 3-celled, 2 — 3-seeded. Seeds pendu- 
lous, albuminous, hairy or winged ; embryo lenticular, terminal. 

Distribution , Examples , Numbers , aiid Properties . — Mostly 
natives of tropical America, and the North of Australia. One 
species is found in Britain — Enocaulon septangulare. The order 
contains about 200 species. Their properties are unimportant. 

Natural Order 281. Desvauxiacejs, — The Bristle wort 
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Order. — Character. — Small Sedge-like herbs , with setaceous 
sheathing leaves . Flowers glumaceous, enclosed in a spathe. 
Glumes 1 or 2. Palese, none, or 1 or 2 scales parallel with the 
glumes. Stamens 1 or very rarely 2 ; anthers 1-celled. Carpels 
1 — 18, distinct or more or less united, with 1 stigma and 1 
pendulous ovule in each ovary. Fruit composed of as many 
utricles as there are carpels. Seeds albuminous ; embryo lenticular, 
terminal. 

Distribution , Examples , Numbers , and Properties. — Natives of 
Australia and the South Sea Islands. Examples of the Genera : — 
Desvauxia, Aphelia. There are about 15 species. Their pro- 
perties and uses are unknown. 


^Sub-class II. Ghimacese or Glumi ferae. 

Natural Order 282. Cyperaceje.— The Sedge Order. — 
Character. — Grass-like or Rusli-like herbs (Jig. 231). Stems 
solid, without joints or partitions, frequently angular (fig. 1092). 
Leaves without ligules, and with entire or closed tubular sheaths 


Fig. 1002. 



Fig. 1093. Fig. 1094. 



Fig. 1092. A portion of the angular stem of a species of 

Care: r, with a closed sheath. Fig. 1093. Staminate 

flower of a species of Car ex. si. Stamens, with long 
filaments and pendulous innate anthers, g. Seale or 

glume. Fig. 1094. Pistillate flower of a species of 

Cat ex , consisting of a glume at the base, and a pistil 
surrounded by an urn-slmped tube (pervjijnium), u. 
st. Stj le, terminated by three stigmas. 


round the stem (fig. 1092). Flowers spiked, imbricate, perfect 
(fig. 1095) or unisexual (figs. 1093 and 1094), each arising from 
the axil of 1 — 3 bracts or glumes. The lowermost glumes are fre- 
quently empty, that is, without flowers in their axils. Perianth 
absent, or existing in the female flowers in the form of a tube 
(perigynium) (Jig. 1094, u) } or as hypogynous scales or bristles 



716 


CYPERACILE, 


{fig. 1096, b). Stamens hypogynous (fig. 1095), 1—12, commonly 
3 (figs. 1093 and 1095) ; anthers 2-celled, innate (figs. 1093 and 

1095) . Ovary 1-celled, superior (fig. 1095), with 1 erect anatro- 
pous ovule. Fruit indehiscent, 1-seeded (fig. 1096). Seed with 
fleshy or mealy albumen (fig. 1096, alb) ; embryo lenticular (figs. 
1096, pi, and 1097), enclosed in the base of the albumen ( jiq. 

1096) . 

Distribution, Examples^ and Numbers. — Natives of all parts 
of the world, and found especially in marshes, ditches, and about 
running streams. Examples of the Genera:— Carex, Rhynco- 
spora, Schoenus r Cladium, Scirpus, Papyrus. There are about 
2,000 species. 


Fig. 1095. 



Fig. 1096. 



Fig. 1097. 



Fig. 1095. Hermaphrodite flower of a species of Club- 
rush (Scirpus), the glume having been removed. 
b. Hypogynous setie or bristles forming a kind of 
perianth, st. Hypogynous stamens with 2-celled 
innate anthers, o. Ovary, s. Style. stig. Stigmas. 

Fig. 1096. Vertical section of the fruit ot a 

species of Carer, s. Pericarp, te. Integuments of 
the seed. alb. Albumen, pi. Embryo. — Fig. 1097. 
Embr> o of a species of Carex removed from the 
albumen, a. Lateral swelling, r. Radicle, c. 
Cotyledon. /. Slit corresponding to the plumule. 


Properties and Uses. — Although closely allied in their bota- 
nical characters to the Graruinaceee, the Cyperacete are alto- 
gether deficient in the nutritive and other qualities which render 
the plants of that order so eminently serviceable to man and 
other animals. Indeed the order generally is remarkable for 
the absence of any important properties. Some of the plants 
are slightly aromatic, stomachic, and diaphoretic, others de- 
mulcent and alterative, and a few have been used for economic 
purposes. The underground stems of certain species are edible 
when roasted or boiled. Some of the species by spreading 
through the sand of the sea-shore, and thus binding it together, 
prevent it from being washed away by the receding weaves, and in 
this way protect the neighbouring coast from encroachments of 
the sea. (See also Properties and Uses of the Gramimicese, page 
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Cccrex -, — The creeping stems of C. arenaria and some nTlied species have 
been used medicinally as substitutes tor sarsaparilla, under the name of 
German Sarsaparilla.--^, hirta, C prmcox, and others, are known in different 
districts under the name of ‘Carnation Grasses.’ They have erroneously 
been supposed to cause the disease termed ‘ Rot ’ in sheep. 

Qyperus. — The rhizomes, tubers, or corms of C. long its , C. rotundm, C. 
pertenuis , and C. esculentm, have been employed in medicine, and regarded 
as aromatic tonic, diaphoretic, diuretic, arid astringent. The corms or 
tubers of C. escukntus are, under'the name of Chufa or Earth Almonds , used 
as food in the South of Europe, more especially in Spain, and when roasted 
liave been proposed a« a substitute for coffee and cocoa. Thev are known by 
the French, as Souchet Comestible ('Rush Nut). Their efrief use in hot 
European climates is for making an orgeat, a refreshing acid drink in hot 
weather. The boiled corms of C. hulbomts are also edible, and are said to 
taste like potatoes. — C. textrlis is used for making ropes, &c., in India. 

Eriophormn. — The species of this genus are commonly known under the 
name of Cotton-grasses, from their fruits being surrounded bv cottony or 
downy hairs. These hairs are sometimes used for stuffing cushions, &c. 
Their leaves are reputed to possess astringent properties. 

Papyrus. — P. nilotica or P. segyptiaca , the Bulrush of the Nile and the 
Paper Reed of the ancients, is the true Papyrus of the Egyptians, and the 
one commonl}'' grown in botanical gardens under that name is the Syrian 
or Sicilian sj ccies (P. syriaca or P. sici/iana). The plant is relegated on 
account of the soft cellular tissue contained in its stems having been in com- 
mon use In’- 1 he ancients for making a kind of paper. These sheets of papyrus 
paper are "remark able for their durability. The Papyrus was also used for 
making ropes, boats, mats, &c. The Sicilian 
species, P. aiciliana , has likewise been em- 
ployed for making paper. — P.corymbosus is 
extensively used in India for the manufacture 
of the celebrated Indian matting. 

Scirpus. — V arious species of this genus, 
as laenstris and S. Tabernasmontana, 8c c., 
are much employed, like the common Rushes, 
for mats, chair-bottoms, baskets, &e., and 
also by coopers for tilling up the intervuls in 
the seams of casks. They are commonly 
known as Club-rushes or Bulrushes. The 
root of £. lacustris was formerly used as an 
astringent and diuretic. 


Rio. 1098. 


Natural Order 283. Graminaoe^e. 

— The Grass Order. — Character. — 

Ilerbs , shrubs , or arborescent plants , 
with round, commonly hollow (Jig . 

197), jointed stems. Leaves alternate, 
with split sheaths (Jigs. 369, g , and 
1098), and a ligule at the base of the 
lamina (Jig. 369, lig). Flowers perfect 
or unisexual, arranged in spiked (Jig. 

413), panicled (Jig. 414), or racemose 
locustse; or solitary. No true peri- 
anth, its place being supplied by 
imbricated bracts, of which there are 
commonly 2, called glumes, or rarely 
1 ; these glumes are placed at the base of the solitary flower, or 



Fig. 1098. A portion of the stem 
of the Cat’s-tail Grass ( Phleum 
prateme), bearing a leaf with 
parallel veins, and a split 
sheath. 
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at the base of each locusta (figs. 400 and 1099, gl } gl, and 1100, 
ge, gi). Occasionally the glumes are altogether absent. Each 
flower is also usually furnished with two other alternate bracts 
(jpalex) (figs. 1100, pe, pi, and 1102 and 1103), (or sometimes 

Fig. 1099. 



/V. 1°99. Diagram of a spikelet of the Oat (Avena). (From Maout ) gl. ql. 
Tw o glumes, enclosing two perfect flowers, and one, a, abortive, b The 
™ pa]ea * $ b - 1] \ e umer palca, which seems to be formed of two 
™ i° B °? le3 (nvamvlv or qlvmellules) , the dotted curved line 

on the nght marks the position of a third abortive scale, e Stamens, c. 

Ovary.-- Fig. 1100. A spikelet (locusta) of the Oat (Aveva saliva), ge. 
Outer glume, gi. Inner glume, pe. Outer palen of the fertile flower pi. 
Inne rjmleaof the same, e Stamens, o. Ovary, fa, and a. Abortive flowers. 

fertile flower of the Oat, without the pale©, p. Glumellules. 

t. Stamens, o. Ovary, s s. Feathery stigmas Fig. 1102. One of tho 

florets of a species of Meadow Grass ( Poa pratensu). Fig. 1103 One of 

the florets of the Hard Rescue Grass ( Feituca durmscula) . Fig 1104. 

IP 1 ® ® mbr y° Oat- a. Lateral swelling, t. Cotyledon, r. Hadicle. 

/. Silt corresponding to the plumule. 


the inner palea pi is wanting) ; and 2 or 3 scales (lodiculee, 
squamulx, or glumellules) (figs. 1099, p, p, and 1101, p), these 
scales also are occasionally absent. Stamens 1 — 6, or more, 
frequently 3 (Jigs. 1101-1103) ; filaments capillary (figs. 600 and 
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1102) ; anthers versatile (jig 3 . 500 and 596). Ovary superior (jig. 
1101), 1-celled, with a solitary ascending ovule ; stigmas feathery 
or hairy (jigs. 596 and 1101). Fh'uit a caryopsis (jigs. 697 and 698). 
Seed with mealy albumen (jig. 698, a) ; embryo lenticular (Jig. 
1104), lying on one side at the base of the albumen (jig. 698, 

c ’ . , 

Diagnosis. — Leaves alternate, with split sheaths, and a ligule 
at the base of the lamina. Flowers generally arranged in spike- 
lets or locustee, or rarely solitary. Flowers glumaceous ; paleee 
usually two in each flower. Stamens few, frequently 3, with 
capillary filaments, and versatile anthers. Ovary superior ; 
stigmas feathery or hairy. Fruit a caryopsis. Seed with mealy 
albumen. 

Distribution , Examples , and Numbers. — Grasses are univer- 
sally distributed over the globe. In temperate and cold climates 
they are herbaceous and of moderate height, while in tropical 
countries they become shrubby and arborescent, and sometimes 
grow to the height of 50 or 60 feet. Grasses usually grow 
together in large masses, and thus form the verdure of great 
tracts of soil ; and hence have been termed social plants. Ex- 
amples of the Genera: — Phalaris, Stipa, Arundo, Avena, Festuca, 
Triticum, Hordeum, Saccharum. There are over 4,000 species, 

Properties and TJses.—Qi all the orders in the Vegetable 
Kingdom this is the most important to man, as it affords the 
various fruits, commonly known as Cereal Grains, which 
supply the principal material of his daily bread in most countries 
of the world ; besides being eminently serviceable in other 
respects, by supplying fodder for cattle, and yielding sugar and 
other very useful products. It is a remarkable fact that the 
native countries of our more important Cereals or Corn-produc- 
ing plants are altogether unknown. A few of the Grasses yield 
fragrant volatile oils. Paper has long been made from the 
Bamboo in India, China, and some other parts of the world ; 
and straw is now largely employed for a like purpose in this 
country and elsewhere. Other Grasses have also, within the 
last few years, been used to a great extent for making paper. 
Almost all Grasses are wholesome, but one or more species 
of Bromns have been erroneously reputed to be purgative, 
and one, Lolium temulentum f is said to be narcotic and 
poisonous. The powerful properties of the latter grass may 
possibly be due to its becoming ergotised, as its effects upon the 
system closely resemble those produced by the common Ergot. 
Paspalum scrobiculatum , an Indian species, is also said to be some- 
times unwholesome. Stipa sibiriea in Kashmir, Stipa inebrians 
in Mongolia, and several of the Melicse of South Africa, have also 
been recently described as deleterious Grasses. Further experi- 
ments upon Lolium and the other supposed deleterious Grasses 
are desirable. Some of the species serve to bind together the sand 
on the seashore, and thus prevent the encroachment of the sea 
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on the neighbouring coast. (See also Properties and Uses of the 
Cyperacem , page 716.) 

JEgihps ovata. — This grass has of late years become noted in conse- 
quence of M. Esprit Fabre having stated that the varieties of cultivated 
W heat were derived from it and AZgilops cordata. This is not strictly correct, 
however, for the plants grown by M. Fabre, and the grains of which ulti- 
mately assumed the form of cultivated Wheat, were produced by hybridisa- 
tion between a species of Triticum and JEqilops ovata , the result being the 
formation of a variety of JEgilops, called jfcgilops triticoides. The seeds of 
this, by cultivation for about twelve years, are said to produce a grass like 
ordinary Wheat ; but it is not clear that prolonged cultivation for a series 
of years has shown any tendency in JEgilops ovata towards improvement. 

"Andropogon.— Several species of this genus are remarkable for their 
agreeable odours. This fragrance is due to the presence of volatile oils, of 
which several are used medicinally and in perfumery. These oils are com- 
monly known under the general name of Grass Oils or Indian Grass Oils. 
Those which are distilled from the fresh plants of A. Nardus , Linn., A. 
citratus, DC., and A. pachnodes, Trim (A. Scheenanihus , Linn.), are official 
in the Pharmacopoeia of India. — Andropogon citratus , Indian Lemon Grass, 
is the source of Lemon- Grass Oil, which is also termed Oil of Verbena and 
Indian Melissa Oil. The plant yielding it is largely cultivated in Ceylon 
und in the gardens of India. Lemon-Grass Oil is much employed in per- 
fumery under the name of oil of verbena , from its odour resembling the Sweet 
Verbena or Lemon Plant of our gardens. (See Aloysia ( Lippia ) citriodora .) 
It is spoken highly of in India as an external application in rheumatism, 
&c., and for internal use in cholera. It possesses stimulant, carminative, 
antispasmodic, and diaphoretic properties. The fresh leaves are sometimes 
used as a substitute for tea, and the centre of the stems for flavouring curries, 
&c .—Cetrone la Oil or Oil of Citronelle is the produce of Andropogon Nardus. 
It is employed in perfumery in England, &c., and in its medicinal properties 
it closely resembles Lemon-Grass Oil. — A. pachnodes is the source of the oil 
known in India as Rusaka-tel , or Rusa Oil. It is also known as Oil of Gera- 
nium, Oil of Ginger Grass , or. sometimes, as Grass Oil of Namur. Oil of 
Geranium is extensively employed in Turkey to adulterate Otto or Attar of 
Rose. (See Pelargonium and i?o«a.) It has similar properties and uses to 
the two preceding volatile oils. — A. muricatus has fragrant roots, which are 
known under the names of Khus-Khus, Cuscus, or Vetti-ver. It is imported 
into this country and elsewhere, and used for scenting baskets, drawers, &c. 
It is also reputed in India to possess stimulant and diaphoretic properties. 
A. laniger , Desf., is the source of the drug known as Schoenanthus or Juncus 
odoratus, 

Anthistiria, — A. australis is the ‘ Kangaroo Grass 5 of Australia. — A. 
ci'iata is an esteemed Indian fodder-grass. 

Arundo Phragmites, the Common Reed. — The culms of this and some 
other species are much used for thatching and other useful purposes. 

Avena sativa is the Common Oat. — A great number of varieties of this 
species are cultivated in the North of Europe, &c., on account of the grains 
(fruitB), which are called Oats. These are extensively used as food for 
man and other animals. Oats deprived of their husk and coarsely ground 
form Oatmeal . When divested of their husk and integuments they are 
called Groats ; and these when crushed constitute Embden and Prepared 
Groats. Oats are also employed for the production of alcohol. 

Bamhusa.—B. arundinacea , the Bamboo, and other species of Bamlmsa , 
are applied to many useful purposes in warm climates and elsewhere. Good 
paper is made from them in India, China, &c. The bamboo has been also 
largely exported from the West Indies to America, &c M for the purpose of 
being manufactured into paper, and some of very good quality has been 
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made from it. The very young shoots are boiled and eaten like Asparagus, 
and are also used for pickles and sweetmeats. Their hollow Btems are 
variously employed. In India and Ch'ina the leaves are reputed to possess 
emmenagogue properties. Sir Joseph Hooker says, that in some districts ‘ a 
very large kind of Bamboo is used for water-buckets, another for quivers, a 
third for flutes, a fourth for walking-sticks, a fifth for plaiting-work (baskets), 
a sixth for arrows ; while a larger sort serves for bows. The \ oung shoots 
of one or more are eaten ; and the seeds of another, either raw or cooked, are 
made into a fermented drink. In China the Bamboo is used for numerous 
purposes — for water-pipes, fishing-rods, for making hats, shields, umbrellas, 
soles of shoes, baskets, ropes, paper, scaffolding-poles, trellis-work, sails, covers 
of boats, and Katamarans.' The above extract will give some idea of the 
various uses to which the Bamboos are applied. A silieious matter is com- 
monly found at the joints of the bamboo, to which the name of tabaxheer has 
been given. 

Coix lachryma is remarkable for its hard stony fruits, called Job’s tears, 
which are used for beads. They are also reputed to be diuretic. 

Dactylic cws/titosa is the celebrated Tussac-grass of the Falkland Islands. 
It is an excellent fodder grass for cattle and horses. It is now grown to 
some extent in Shetland and some other parts of Britain. 

Eleuxine. — E. coracana. — The grains o* this plant constitute one of the 
millets of India ; in Coromandel it is called Natchnee. It is also cultivated 
in Japan as a corn crop. In Sikkim a kind of beer, called murwa or millet 
beer, is prepared from the grains, and is in general use by the natives. (See 
Panicum and Holcim .) — E. Tocusxo is an Abyssinian plant. Its grains are 
used for food under the name of Tocuxso. 

Gynerium — G.argentemn is the elegant Pampas-grass. — G. xaccharoides, 
a Brazilian species, contains much sugar. 

Holcus. — II. xaccharatus or Sorghum xaccharatum, is the North China 
Sugar Cane or Sweet Sorgho. It is cultivated in China and other countries 
for the purpose of extracting its sugar, of which it is said to yield from 10 
to 15 per cent. Its grain is eaten in Africa, and is termed Dochna. The 
plant has been introduced into this country, anrl has been highly recom- 
mended for cultivation as a summer forage for cattle, but at present our 
knowledge respecting it will not allow of any positive conclusions upon its 
merits being arrived at. It is now, however, extensively cultivated in the 
south and central pai ts of France as a fodder crop. — H. Sorghum or Sorghum 
vulgare, of which there are several varieties, is extensively cultivated in 
Africa, India, &c., for the sake of its grain, which is known as Egyptian 
Corn, Ivory Wheat, Guinea Corn, l)urra, Turkish Millet, and Jaar. This 
grain is much used for food in warm countries. In this country it has also 
been employed for feeding poultry. The stems are used in the manufacture 
of carpet brooms, whisks, &c. A kind of beer called Bouza is also prepared 
from the grains. 

Hordeum , Barley. — Several species or varieties are commonly cultivated 
in cold and temperate climates for their grains : as H. dixtichon, Two-rowed 
or Long-eared Barley ; 11. vulgare , Bere, Bigg, Four rowed, or Spring 
Barley ; H. hevaxtichon. Six-rowed Barley : and H. zeocriton , Sprat or 
Battledore Barley. Barley is used dietetically in the manufacture of bread, 
and in the form of malt most extensively in the production of aie, beer, and 
ardent spirits. It is the common grain in use for the latter purposes in this 
country. Malt is Barley which has been made to germinate by moisture 
ancl heat, and afterwards dried, by which the vitality of the seed is 
destroyed. Barley deprived of its husk constitutes Scotch, Hulled, or Pot 
Barley. When both husk and integuments are removed, and the seeds 
rounded and polished, they form Pearl Barley , which is official in the British 
Pharmacopoeia ; this, when ground, is called Patent Barley. 

Lygeum Spartum, a Spanish grass, yields the fibre known as albardin t 
which is frequently mistaken for Esparto. (See Stipa .} 

3 A 
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Molinxa cmrulea is saM to be equal in value to Esparto Grass (see 
Stipa) for paper-making. Its especial value resides in the tenacity of its 
fibre, and the comparatively minute quantity of silica it contains. 

Qryza sativa is the Rice plant, the grain of which is more extensively used 
for food than that of any other cereal. Starch of good quality is also largely 
prepared from rice. From forty to fifty varieties of the Rice plant are known 
and cultivated in India alone ; others have distinguished as many as 160 
varieties. Rice appears to be less nutritive than the other cereal grains, 
and to be of a more binding nature, hence its use in diarrhoea, &c. Spirit 
is sometimes distilled from the fermented infusion of rice. This spirit is 
frequently called arrack, but that name is properl}' used only in reference 
to the spirit distilled from Palm wine or Toddy. 

Panicum. — P. miliaceum yields Indian Millet. The grain is called Warree 
and Kadi-kane in the East Indies — P. spectabile , a Brazilian species, grows 
six or more feet in height. It is a favourite fodder grass, and is commonly 
known as the Angola grass. — P.jumentorum is another fodder grass called 
Guinea grass. — P. piles um yields a grain known in India as Bhadlee. The 
grain of P . frumentacevm is also nutritious. It is termed Shamoola in the 
Deccan. Some of the Tartar tribes are said to prepare a kind of beer from 
a species of Millet, which is called Bouza, Murwa, or Millet-beer, but this is 
probably not obtained by them from a species of Panicum , but from a species 
of FAeusine. (See F/eusine.) 

Puspalum. — P. exile yields the smallest known cereal grain. The grain 
is known on the West Coast of Africa, where it is ut>ed as food, under the 
name of Fundi or Fundungi. It is al»o commonly called in Sierra Leone, 
Millet. — P. scrobiculatum also yields a kind of grain, known in India as 
Menya or Kodro. A variety of this grass is reputed to be injurious to 
cattle. 

Penicillaria spicata or Panicum spicatum is called Caffre Corn. It yields 
a serviceable grain, which is commonly distinguished as African Millet. 

Pennisetum dichotomum. — The grains of this grass are known in some 
parts of Western Africa under the name of kasheia. They are used there as 
food. In Egypt and Arabia this grass is employed as fodder for camels 
and other animals, and also for thatching and other purposes. 

Phalaris canarienAs , Canary-grass, is cultivated for its grain, which is 
employed as food for birds, under the name of Canary seed. Its straw is also 
valued as fodder for horses. 

Poa abyssinica is an Abyssinian corn plant, known under the name of 
Teff. The grains are sometimes employed in the preparation of Bouza or 
Millet beer. (See Fleusine.) 

Saccharum officinamm is the Common Sugar-cane, so extensively used 
for the preparation of Cane-sugar. Molasses or Golden Syrup is the drain- 
ings from raw sugar; and treacle the thick juice which has drained from 
refined sugar in the sugar-moulds. Caramel is burnt sugar. Sugar-candy , 
pulled suqar , barley-sugar , and hard-bake , are all familiar preparations of 
sugar, floth molasses and treacle are capable of fermentation by yeast ; 
and then yield by distillation rum. 

Secale cereale , Common Rye, is much cultivated in the northern parts of 
the world for its grains, which are extensively employed for making bread. 
Rye bread retains its freshness for a much longer time than wheaten bread. 
Quass or Rye Beer is a favourite drink in Russia. Rye is also used by the 
distillers. When roasted it has been employed as a substitute for coffee. 
Rye is subject to a disease called Ergot, produced by the attack of a fungus 
(see Clavkeps ), when its grains assume an elongated and somewhat curved 
form. The diseased grains are commonly known as Ergot of Rye or 
Spurred Rye, which in certain doses is poisonous to man and other animals. 
Medicinally, ergot is given to excite uterine contractions in labour, and for 
other purposes. 

Setaria. — S. germanica is the source of German Millet, and S. italica of 
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Italian Millet. The latter is also much used in India. The Millets are 
largely used as food 

8tipa. — N. tenacissima or Macrochloa tenacissima , yields the fibre known 
under the name of Esparto or Alfa. (See Lygtum.) This has been, of late 
years, very extensively employed for pa[>er-making. The imports of Esparto 
are probably over 150,000 tons annually. It is collected in Spain, Tunis, 
&c. Esparto is also largely used in Spain for making matting, card baskets, 
&c., and has been so employed since the time of the Phoenicians, who are 
said to have used it extensively for like purposes. — The grain of 8. pennata, 
Feather grass, is stated to be very nutritious. 

Triticum . — T. ( sativum ) vulgare is the Common Wheat. — A great many 
varieties of Triticum are cultivated, as T. mstivum , Spring or Summer 
Wheat ; T. hybernum , Winter Wheat ; T. compusitvm, Egyptian Wheat or 
Manv-eared Wheat ; T. po/onicum , Polish Wheat, and others. T. Spelta, 
yielding the Spelt varieties, is a distinct species. The grains of the several 
varieties of Triticum are commonly used in this and some other temperate 
countries for making bread, and for their starch. Various nutritious foods 
are also prepared from wheat grains, as Semolina Soujee, Manna Croup, 
Vermicelli, Maccaroni, Cagliari or Italian Paste, Hard’s Food, &c. — T. 
ripens. — A decoction of Ihe creeping stems has been used with success in 
mucous discharge from the bladder. 

Zea Mays is the Indian Corn or Maize Plant. The grain is extensively 
used in warm countries. It is the most fattening of all the cereals, but it 
frequently produces diarrhm.i. The roasted cobs or ears are sold in India, 
as chestnuts similarly treated are in this country. The immature ears are 
sometimes eaten as a vegetable. Maize meal is sold under the name of 
polenta , and the tine flour as maizena , both of which are much used ns food 
here and elsewhere. In South America a kind of beer, called Chica or 
Maize Beer, is made from the grain, and is extensively used. In Western 
At rica a favourite fermented beverage is also prepared trom Maize, called 
pitto or peto. The silky styles and stigmas of this plant have been re- 
commended as of service in gravel and nephritic colic. 

Zizania aquatica yields a serviceable grain known as Canada Ilioe or 
Swamp Rice. Zizanimi straw has been recommended as a very valuable 
paper material, and a company has been formed to work it in the province of 
Ontario, the only province in which the plant grows to any useful extent. 


Artificial Analysis of the Natural Orders in the Class Mono- 
coiyledones. Modified from Lindley. 

(The Numbers refer to the Orders as previously described.) 
Sub-class I. Petaloidcae. 

1. Flowers with an evident Perianth. 

A. Ovary inferior ( Epigynee ). 

a. Flowers gynandrous. 

Ovary 1-celled. Placentas parietal . . . Orchidacem. 240. 

Ovary 3-cellcd. Placentas axile . . . Apostusiucete. 241. 

b. Flowers not gynandrous. 

1. Veins of leaves diverging from the midrib, 
and parallel to each other. 

Embryo enclosed in a vi tell us. 

Anther 2- celled. Filament one, not pe- 

taloid Zingiber acese. 248. 

Embryo not enclosed in a vitellus. 

Anther 1-celled. Filament one . . Marantacm . 244. 

8 a 2 
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Anther 2-celled. Filaments more than one. Musaceas. 245. 

2. Veins of leaves diverging from the base, and 

parallel to the midrib. 

Stamens 3. 

Anthers extrorse Iridaceas. 246. 

Anthers introrse Burmanmacese. 242. 

Stamens 6. 

Anthers extrorse . . « • . Burmanniacese. 242 

Anthers introrse. 

Leaves equitant . . . • . Heemodoraceae. 249. 

Leaves fiat. 

Fruit 1-oelled Taccaceas. 250. 

Fruit 3-celled. 

Outer whorl of the perianth petaloid. 

Radicle next the liilum. Leaves 
not dry ..... AmarylUdaceae. 247. 

Radicle remote from the hilum. 

Leaves dry .... Hypoxidaceae . 248. 

Outer whorl of the perianth not pe- 
taloid ...... Bromeliacete. 251. 

Stamens more than 6 . . , Uydrocharidaceae. 278. 

3. Veins of leaves reticulated. 

Flowers unisexual ..... Dioscoreaceas . 252. 

B. Ovary superior ( Hypogynas ). Leaves parallel- 
veined. 

a. Outer whorl of the perianth herbaceous or glu- 

maceous. 

Carpels more or less distinct. 

Seeds attached over the whole inner walls of 

the fruit Butomaceas. 270. 

Seeds attached to axile or basal placentas. 

Flowers conspicuous. Embryo curved, 

without a slit Alismaceap. 269. 

Flowers inconspicuous. Embryo straight, 
with a lateral slit ..... Juncaginaceae. 268. 
Carpels combined. 

Inner whorl of the perianth different from 
the outer. 

Placentas axile. Anthers 2-celled. Cap- 
sule 2 — 3-celled ..... Commelynaceas. 262. 

Placentas parietal. 

Anthers 2-celled. Capsule 1-celled . Xyridactae. 263. 
Anthers 1-celled. Capsule 1-celled . Muyaceas. 261. 

The outer and inner whorls of the perianth 
alike. 

Flowers on a spadix. Embryo with a la- 
teral slit Acoraceee. 266. 

Flowers not on a spadix. Embryo with- 
out a slit ...... Juncaceee. 265. 

b. Outer whorl of the perianth petaloid , or the 

whole petaloid when only one whorl is present. 

Carpels more or less distinct. 

Seeds solitary. Flowers on a spadix . . Pahnaceas. 267. 

Seeds numerous. Flowers not on a spadix. 

Anthers extrorse Melanthaceae. 258- 

Anthers introrse. 

Perianth of 6 parts. Seeds without al- 
bumen . .... Butomaceas. 270- 

Perianth of 2 parts. Seeds with albumen. Philydraceee. 264. 
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Carpels combined. 

Perianth rolled inwards after flowering. 

Aquatics Pontederaceaa . 260. 

Perianth not rolled inwards after flower- 
ing. Perianth minute, with coloured 
bracts externally .... Gilliesiaceae. 259. 
Perianth not rolled inwards after flow- 
ering, conspicuous, without coloured 

bracts Liliacete. 257. 

C. Ovary superior. Leaves net- veined. 

a. Placentas Itasal ...... Roxburghiaceee. 255. 

b. Placentas axile. 

Leaves whorled, not articulated . . . Trilliacetv. 254. 

Leaves not whorled, articulated . . . Smilacew. 253. 

c. Placentas parietal Philesiaceae. 256. 

2. Flowers either naked, or with a whorled scaly Perianth, 
GENERALLY UNISEXUAL ( JHchneS ). 

A. Flowers. on a spadix. 

a. Flowers bisexual. 

Embryo cleft ...... Acoracew. 266. 

Embryo solid Pandanacetv. 271. 

b. Flowers unise.rual. 

Embryo solid Pandanaceas. 271. 

Embryo cleft on one side. 

Flowers with a true spathe. Fruit succu- 
lent. 

Anthers sessile, or nearly so . . . Araceae. 273. 

Flowers without a true spathe. F ruit dry. 

Anthers on long filaments . . . Typhaceae. 272. 

B. Flowers not arranged on an evident spadix. 

a. Flowers bisexual. 

Ovary superior ...... Jnncaginacete. 268. 

Ovary interior ...... llydrochandacese. 278. 

b. Flowers unise vital. 

Ovules erect. 

Embryo perfect. 

Seed without albumen . . . Naiadncem. 275. 

Seed with albumen .... Pistiaceie. 274. 

Embryo rudimentary .... Triuridaceae. 277. 
Ovules pendulous. 

Carpel solitary. 

Seed without albumen. 

Pollen globose Naiadacew 275 

Pollen filamentous or eonfervoid . . Zosteraceae. 276. 

Seed with albumen Restiaceie. 279. 

Carpels several, distinct. 

Anthers 2-cel led. Embryo cleft . . . Naiadaccw. 275. 

Anthers 1-celled. Embryo solid . « . JJesvauxuiceas. 281. 

Carpels several, combined. 

Anthers 1-celled. 

Stamens 2—3 Restiareaa. 279. 

Stamen 1. Ovary more than 2-celled . Desvauxiaceae . 281. 
Anthers 2-celled. Placentas central. 

Seeds with rows of hairs .... Eriocaulaceee 280. 
Seeds without rowrs of hairs . . . Restiaceap. 279. 

Anthers 2-celled. Placentas parietal . . Xyridacm. 263. 
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Sub-class II. Glumacese or Glumi ferae. 

Stem solid. Leaf-sheaths not slit. Embryo ba- 
silar, within the albumen .... Cyperacew. 282. 
Stem hollow. Leaf-sheaths slit. Embryo basilar, 
outside the albumen Graminacese. 283. 


Sub-kingdom II. 

CRYPTOGAMIA, 

ACOTYLEDONES, OR FLOWERLESS PLANTS. 

Class III. ACOTYLEDONES. 

Sub-class I. Acrogense or Corwophyta . 

Natural Order 284. Filioes. — The Fern Order. — Charac- 
ter. — Herbs with rhizomatous stews (fig. 12) ; or arborescent 
plants (fig. 13), usually unbranched, but sometimes with a forked 
caudex (fig. 200). Leaves, or fronds as they are commonly called, 
arising irregularly from the rhizome (fig. 12), or placed in tufts 
at the apex of the stem (fig. 13) ; almost always circinate in 
vernation (figs. 12, 13, and 292) ; simple (fig. 1105, a) or com- 
pound (figs. 12 and 794). Fructification consisting of sporangia 
or capsules (figs. 792 and 794), collected in heaps (son), which 
are placed usually on the under surface (fig. 793, $) or at the 
margins of the fronds, or rarely on the upper surface, or occa- 
sionally arranged in a spiked manner on a simple or branched 
rachis (fig. 794) ; the sori are either naked (fig. 792) or covered 
by a membranous scale (indusinm) (fig. 793). Sjwranyia stalked 
(fig. 795) or sessile (fig. 1105, b), and either annulate (fig. 795) 
or exannulate (fig. 1105, b). Spores enclosed in the sporangia 
(fig. 795). (For further particulars upon the fructification of 
Ferns, see pp. 356— 359.) 

Division of the Order and Examples of the Genera. — This order 
is commonly divided into three sub-orders, which are frequently 
regarded by botanists as distinct orders. These sub-orders are 
called Polypod iese, Danaseae, and Ophioglosseee. Their charac- 
ters are as follows : — 

Sub-order 1. Polypodies or Polypodiacex. — The Polypody Sub- 
order or Ferns proper. — Fronds circinate in vernation. 
Sporangia or capsules more or less annulate (fig. 795), 
usually collected in sori on the under surface or at the margin 
of the fronds (figs. 792 and 793), or occasionally arranged in 
a spiked manner on a simple or branched rachis (fig. 794). 
Examples: — Polypodium, Asplenium, Hymenophyllum, Os- 
munda. 

Sub-order 2. Danseem. Danseacem, or Marattbacem . — The Dan sea 
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Sub-order. — Fronds circinate in vernation, and all fertile. 
Sporangia or capsules arising from, or imbedded in, the under 
surface or back of the fronds, more or less united, exannulate. 
Examples Danrna, Marattia. 

Sub-order 3. Ophioglossese or Ophioglossacese. — The Adder’s- 
tongue Sub-order. — Fronds not circinate in vernation, barren 
or fertile. Sporangia or capsules arranged in a spike-like 
form (jig. 1105, a) on the margins of a contracted frond, 
distinct, 2-valved (jig. 1105, b ), exannulate. Examples:— 
Ophioglossum, Botrychium. 

Distribution and Numbers. — The plants of 
this order are more or less distributed over 
the globe, but they are most abundant in 
moist temperate regions. In the northern 
hemisphere they are herbaceous plants, but 
in the southern hemisphere and in the tropics 
they are sometimes arborescent, having stems 
occasionally as much as forty feet in height, 
and with the general habit of Palms. There 
are upwards of 2,000 species. 

Properties and Uses. — Several species 
have farinaceous rhizomes or stems, which, 
when roasted or boiled, are used as articles 
of food in some parts of the world, but 
generally only in times of scarcity. The 
rhizomes of Pteris esculenta , Diplazium es- 
culent um, N ephrodium esculentnm, and Ma- 
rattia alata y are those which are thus princi- 
pally used. The leaves of several species 
possess slightly bitter, astringent, and aro- 
matic properties, and those of others are 
mucilaginous. The rhizomes of some are 
astringent and tonic, and a few possess well- 
marked anthelmintic properties. The silky 
hairs found on the rhizomes and lower 
portions of the caudex of some species have 
been used for stuffing cushions, &c., and as 
mechanical styptics. 

Acrostichum Huacsaro . — The rhizome of this species constitutes the 
middling Calaguala or Little Cord, which is used medicinally in Peru. 
(See Polypodium.) 

Adiantum . — 'I he fronds and rhizomes of A. Capilhts Veneris, True Maiden- 
hair, and those of A. pedatum, Canadian Maiden-hair, possess mucilaginous, 
bitter, slightly astringent, and aromatic piopcrties, and have been employed 
as pectorals in catarrhs. The latter plant is most esteemed. Syrup of Capil- 
laire is properly prepared, by adding to an infusion of Maiden hair some 
sugar and orange-flower water ; but it is now commonly made by simply 
adding sugar to orange- flower water. The fronds of A. metanocaulon are 
reputed to have tonic properties ; and various qualities have been attributed 
to other species of Adiantum . 


Fig. 1105. 



Fig. 1105. a. Barren, 
and fertile fronds of 
the Common Addor’s- 
tongue {Ophioglossum 
vulgalum). b. Portion 
of the fertile frond of 
the pame.with 2-valved 
distinct burst sporan- 
gia or capsules. 
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Aspidium fragrant. — The fronds possess aromatic and slightly bitter pro- 
perties, and have been u<ed as a substitute for tea. 

Cibotinm . — The silky hairs covering the lower portion of the caudex of 
C. Barometz or Aspidivm Barometz , the Scythian Lamb of old writers, have 
been imported under the name of Pakoe Kidang. Thi9 has great reputation 
in India as a styptic, and has been used for a like purpose (see Cyathm ) in 
Holland, Germany, and other countries. It has also been employed for 
stuffing cushions, &c. It is obtained from Sumatra. Analogous hairs 
imported from the Sandwich Islands, under the name of Pulu, may be em- 
ployed for similar purposes as the preceding. Pulu is said to be derived 
from three species of Cihotium y viz. C. glaucum , C. Chamissoi , and C. Men - 
ziesii ; but other species also produce somewhat similar hairs. 

Cyathea . — From the caudex of C. Smithii , a native of Sumatra, woolly 
hairs are obtained, which are imported under the name of Penghawar 
Jjjambi ; they are used for similar purposes as Pakoe Kidang and Pulu. 

Lastrea . — The dried rhizome with the ba^e of the petioles and portions 
of the root fibres of Lastrea ( Aspidium or Nephrodium ) Fitix-mas constitute 
the official Male Fern of the British Pharmacopceia. T his has been used 
from the earliest times as an anthelmintic ; it possesses most activity in a 
recent state. According to the British Pharmacopoeia it should be collected 
in the Fummer; but our experience and that of others is that t he late autumn 
is the best time. The rhizome of L. marginal ( Aspidium marginal, Sw ), 
a native of the United States, is said to possess similar properties. The rhi- 
zome of Lastrea ( Aspidivm ) Athamanticvm, under the names oi' P anna scad 
Uncxmocomo , is also much esteemed by the Zulus as an anthelmintic. 

Ophiog'ossum vulgatum, the Common Adder’s-tongue, has been employed 
as a vulnerary. In some parts of England it is used in the preparation of a 
popular ointment. 

Osmvnda regalis , the Flowering or Royal Fern. — In Westmoreland and 
some parts of Lancashire, this plant is known under the name of ‘bog 
onion.’ The rhizomes when beaten and macerated all night in cold spring 
water are much esteemed as an application to bruises, sprains, &c. 

Polypodivm . — The rhizomes of P. Calaguula, Genuine or Slender Cala- 
guala ; of P. crassifoli um, Thick Calaguala or Deer’s Tongue ; and those 
of Acrostichum Huacsaro (see Acrostichum ), are used medicinally in Peru, 
and are said to possess sudorific, diuretic, febrifugal, and anti-venereal pro- 
perties. — P. Phymatodes . — The fronds, under the names of * Male Fern,’ and 
‘ Female Fern,’ are employed in Siberia for nephritis, dysuria, and other 
kidney complaints. 

Pteris aquilina, the Common Brake, is reputed to possess anthelmintic 
properties. 

Natural Order 285. Equisetace^. — T he Horsetail Order. 
— Character. — Herbaceous plants "with striated hollow-jointed 
simple or verticillately branched aerial siliceous stems, arising 
from slender creeping rhizomes or underground stems. The 
joints surrounded by membranous toothed sheaths (Jig. 11), 
which are regarded by some botanists as modified leaves, but 
generally the plants of the order are considered leafless. When 
branched, the branches arise in a whorled manner from beneath 
the axils of the teeth of the sheaths and correspond in number 
with them. Stems barren or fertile. Fructification borne in 
cone-like or club-shaped masses at the termination of the stem 
(fig. 11). Each mass is composed of peltate scales bearing 
numerous sporangia or capsules on their under surface (fig. 799), 
each of which dehisces internally by a longitudinal fissure. 
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Spores surrounded by elastic club-shaped elaters (Jujs. 800 and 
801). (See page 359 for a more detailed account of the fructifi- 
cation.) 

Distribution, Examples, and Numbers — These plants are 
found in marshy or watery places in most parts of the world. 
There is but one genus (Eqnisetnm), which includes about 10 
species, most of which are indigenous. 

Properties and, Uses . — Of little importance either in a medical 
or economic point of view. They were formerly regarded as 
slightly astringent, diuretic, and emmenagogue, but are never 
employed in medicine at the present day. The rhizomes contain 
a good deal of starchy matters m the winter months, and might 
therefore, in case of need, be used as food, like those of some 
ferns. Silica is abundant in their epidermal tissues : this is 
especially the case in Equisetum hijemale, Rough Horse-tail, 
which is largely imported from Holland under the name of 
Dutch Rushes, and employed by cabinet makers, ivory turners, 
and others, for smoothing the surfaces of their work. 

Natural Order 280. Marsileapeje. — The Pepperwort Order. 
— Character .— Aquatic herbs with small floating or creeping 


Fig. 1106. 



Fig. 1106. Tho Creeping Pill-wort (Ftlulann i ol buhfera). TIip stems are 
creeping, and boar mnnorous sessile leaves, whieli are ci rein ate in verna- 
tion. The Bporocarps are doTiny, and placed in the axils of the leaves. 

stems {fig. 1106), from which arise sessile {fig. 1100) or stalked 
leaves {fig. 361). Leaves with circinate vernation {fig. 1106). 
Fructification at the base of tho leaves {fig. 1106), and con- 
sisting of stalked valvular sporocarps {figs. 802, 805, and 806) 
enclosing antheridia in which a number of small spores {micro- 
spores) are contained (fig. 803), and sporangia {fig. 804), both 
of which are either contained in the same cavity {fig. 802) or in 
separate sacs {fig. 806). (See pages 360 — 362.) 

Distribution, Examples, and Numbers . — They are widely dis- 
tributed, but are most abundant in temperate regions. Ex - 
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amples df the Genera Pilularia, Marsilea. There are about 20 
species. 

Properties and Uses. — Of little importance. Marsilea Ma- 
cropus is known in Australia as the Nardoo plant. The sporo- 
carps contain starchy matter ; these are pounded, and used in 
the same way as flour. 

Natural Order 287. Lycopodiace^e. — The Club-moss Order. 
— Character. — Herbaceous plants, usually resembling Mosses, 
and either terrestrial with creeping stems {fig. 1107) and forked 
ramification {fig. 10), or aquatic plants with corm-like stems 

Fig. 1107. 



Fig. 1107. Lycopodium mmduhm , Mar<h Club-mo'y? The stem is creeping, 
and beais numerous, small sessile imbricated leaves. 

{fig. 1108). Leaves sessile, usually small and imbricated {fig. 
1107), but sometimes tufted {fig. 1108) and linear-cylindrical. 
Fructification in the axil of leaves or scales ( figs. 807 and 808), or 
immersed in their substance, often spicate {fig. 10) : consisting 
of either one kind of sporangium only, called the antheridium 
or microspw'anginm {fig. 809) ; or commonly of two kinds of 
sporangia— the microsporangia , as just mentioned, and others 
called the macrosporangia {fig. 810). The microsporangia {fig. 
809) contain a number of small spores {microspores) ; and the 
macrosporangia enclose 4 large spores {macrospores) {fig. 810). 
(See pages 362 and 363.) 

Distribution , Examples , and Numbers. — They are almost 
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universally diffused, occurring in cold, temperate, and warm 
climates. Examples of the Genera: — Lycopodium, Isoetes. 
There are about 200 species. 

Properties and Uses. — Many species contain an acrid principle. 
In moderate doses they are frequently emetic and purgative, 


Fig. 1108. 



Fig. 1108. hoiks locust ris, Lake Quill-wort. The stem is small and corm- 
like, and bears its leaves, which are linear-cylindrical , in tufts. 

but in large doses they occasionally produce poisonous effects. 
Some are reputed to possess aphrodisiac properties. The spores 
of several are inflammable. 

Lycopodium.— L. chratum , the Common Club-moss, possesses well-marked 
emetic and purgative properties, and is also reputed to be diuretic and em- 
menagogue. The spores have been employed externally for their absorbent 
qualities, in erysipelas and various cutaneous affections ; and when taken, 
they are said to* be diuretic, sedative, and demulcent. These spores are of a 
vel!ow colour, and are sometimes known as vegctafile sulphur, besides their 
use in medicine, as just alluded to, they are occasionally employed in phar- 
macy for covering pills, the object sought being, to render them tasteless 
and prevent their adhering together. Lycopodium spores, however, .from 
their inflammable nature, are principally us<*d in the preparation of fire- 
works, and for the production of artificial lightning at the theatres, cte. 

L. Sdago has similar medicinal properties, but it sometimes acts as a nar- 
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cotico-acrid poison. The spores are of a like inflammable nature to those 
of L. clavatum. — L. cathurticum is said to be a powerful purgative. 


Natural Order 288. Musci. — The Moss Order. — Character. 


^-Cellular plants (figs. 8, 9, and 814), terrestrial or aquatic, with 
erect or creeping steins, and usually spirally imbricated leaves 
(Jig. 1109). Reproductive organs of two kinds, called antheridia 
and archegonia (see pages 3G3-3GG), which are either placed on 
the same or on separate plants (figs. 8 and 9) ; hence these plants 
are monoecious or dioecious . The antheridium (fig. 811) is a more 
or less rounded, elliptic, or cylindrical sac, 
Fig. 1109. containing, when mature, a number of 



F i<7. 1109. A portion of An- 
<1rmt rujietfi >s, much mag- 
nified. The stem is erect, 
with numerous small im- 
bricated leaves, and a ter- 
minal sporangium, which 
is destitute ot a seta. a. 
Sporangium after dchis- 
cenco, showing the 4 equal 
valves of which ic is com- 
posed connected at the 
summit by the persistent 
operculum . Thevalves are 
seen to have dehisced ver- 
tically. (After Hooker.) 


minute cells ( zoothecx ), each of which en- 
closes a spirally twisted filament (antlnro- 
zoid). The archegonium is usually a flask- 
shaped body (fig. 812), which after fertili- 
sation dev el opes an urn-sliaped sporangium 
(figs. 813-815), with a central columella 
(fig. 819); the spaefe between which and 
the walls of the sporangium being occupied 
by spores, without any elaters among them. 
The sporangium or capsule is commonly 
placed on astalk (seta) (figs. 813, f, and 814, 
p ), or occasionally it is sessile (fig. 1109), 
and at first is covered by a liood (cahjptra) 
(figs. 814 and 815, c), beneath which is a kind 
of lid (operculum) (figs. 81 G, o, and 817). 
The sporangium usually opens when ripe in 
a transverse manner from the separation of 
the operculum (figs. 81G, o, and 817), or 
sometimes by splitting vertically into four 
equal valves, which are connected at the 
summit by the persistent operculum (fig. 
1109, a) ; or rarely it dehisces irregularly. 
At the dehiscence of the sporangium, its 
mouth (stoma) is seen to bo either sur- 
rounded by a peristome, consisting of one 
(aplope r i stomous) or two rows (diploperi- 
stomous) of teeth (fig. 816, p) ; or the mouth 
is naked (gymnostomons) (fig. 815). 


Division of the Order and Examples 
of the Genera. — This order is commonly divided info four sub- 


orders, the principal distinctive characters of which are as 
follow : — 


Sub-order 1. Sphagnacese or Sphagnere. — Bog-mosses. — Capsule 
globular, surrounded at the base by the calyptra ; the colu- 
mella does not reach to the apex of the capsule. The only 
genus is Sphagnum, which is found on boggy moors and in 
damp woods. 
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Sub-order 2. Andraeacese or A ad raeese. — Split-moBses. — Sporan- 
gium splitting vertically into four valves, but remaining con- 
nected at the summit. Examples : — Andrma (Jig. 1109), 
Acroschisma. 

Sub-order 3. Phascaccse or Phaseete . — The capsule does not 
burst ; the spores escaping by the decay of the wall of the 
sporangium. Examples : — Phascum, Epliemerum. 

Sub-order 4. Bryarea*. — Urn-mosses. — Sporangium, which is 
generally borne upon a seta of considerable length, dehiscing 
transversely by the separation of the operculum. This sub- 
order includes very many genera, e.g. Funaria, Polytrichum. 

Distribution and Numbers. — They are generally diffused over 
the globe, but most abundantly in temperate climates. There 
are about 1,250 species. 

Properties and Uses. — Of little importance either in a medi- 
cal or economic point of view. Some species are reputed to 
possess astringent and diuretic properties, but none are employed 
by the medical practitioner in this country. The species of 
Sphagnum furnish food to the reindeer, and even to man in the 
polar regions. 

Natural Order 289. Hepativauejs. — T he Liverwort Order 
(see pages 306-309). — Character. — Small cellular plants, either 
with a creeping stem bearing minute imbricated leaves (Ji<f. 1110) 
or with a lobed thalloid expansion (Jigs. 820 and 822). lie pro- 

Fig. 1111. 


Fig. 1110. Jimqermannia bi- 
denlata. The stem is creep- 
ing, and bears numerous 

small imbricated leaves. 

Fig. 1111. Sporangium of 
Jungermannuihyaluta,dehl- 
scing vertically by 4 valves, 
and containing spores in its 
interior. 

duetive organs of two kinds, called antheridia and archegonia , 
which are either on the same plant or on different ones ; hence 
these plants are monoecious or dioecious. The antheridia are 
small, oval, globular, or flask-shaped, cellular sacs (fig. 821), 
situated in the axils of leaves, or immersed in the frond, or 
imbedded in the upper surface of peltate or discoid stalked 



Fig. 3110. 
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receptacles {fig. 820, r). The archegonia (fig. 823) are usually 
somewhat flask-shaped bodies, which are imbedded in the fronds, 
or contained in receptacles (fig. 822, r) which are elevated on 
stalks (fig. 822, s) above the thallus. Each archegonium de- 
velopes after fertilisation a sporangium, which either bursts by 
valves (fig. 1111), or teeth, or by irregular fissures. The 
sporangium is usually without a columella, and contains spores 
mixed with elaters (fig. 824) ; or it is furnished with a thread- 
like columella, and contains spores and no elaters, or the latter 
are imperfect ; or it has neither elaters nor columella. 

Division of the Order and Examples of the Genera. — This order 
may be divided as follows : — 

Sub-order 1. Jungermanniacese or Jungermannieae. — Scale- 
mosses. — Sporangia oval ; without a columella ; splitting ver- 
tically by 4 valves (fig. 1111). Spores mixed with elaters. 
Examples : — Blasia, Jungermannia. 

Sub-order 2. Antlwceroteae. — Sporangia pod-shaped; 1 — 2- 
valved ; with a filiform columella. Spores either mixed with 
imperfect elaters, or these are absent. Examples : — Antlioceros, 
Monoclea. 

Sub-order 3. Marchantiacese or Marclxantieee. — Liverworts. — 
Sporangia without valves ; bursting irregularly or by teeth ; 
without a columella. Spores mixed with elaters (fig. 824). 
Examples : — Fimbriaria, Marchantia. 

Sub-order 4. Bicciaceee or lticciese. — Crystal worts.— Sporangia 
without valves ; bursting irregularly ; without a columella. 
Spores not mixed with elaters. Examples : — Riccia, Sphsero- 
carpus. 

Distribution and Numbers. — The plants of this order are 
generally diffused over the globe, but they are most abundant in 
damp shady places in tropical climates. There are about 700 
species. 

Properties and Uses. — Of no importance, although some have 
been used in liver complaints, and other species, as Marchantia 
hemispherica , have been employed, in the form of poultices, in 
dropsy. 


Artificial Analysis of the Natural Orders in the Sub-class 

ACROGhNM Or CORMOPHYTA. 

(The Numbers refer to the Orders.) 

1. With a distinct stem or axis. 

A. Leafy plants. 

a. Sporangia on the back or margins of the 

fronds, or on metamorphosed leaves . . Filices. 284. 

b. Sporangia arranged in or near the axils of 

leaves, or immersed in their substance. 
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1. Not enclosed in sporocarps. 

Sporangia sessile, without a calyptra 
Sporangia ses ile, with a calyptra . 
Sporangia stalked, with a calyptra . 

2. Enclosed in sporocarps. 

Vernation circinate. 

Spores not mixed with elaters 
Vernation not circinate. 

Spores mixed with elaters . . 

B. Leaflet* plants. 

Stem simple or with whorled branches. 
Fructification terminal, in club-shaped or 

cone-like masses 

2. With no distinct stem or axis. 

No true leaves, but forming a green thalloid 
expansion 


Lycopodiarese . 287. 
Musci. 288. 

Musci . 288. 


Marsileacem. 286. 
Heputicacese. 289. 


Equiaetacese. 285. 
Ilepaticaceee. 289. 


Sub-class II. Thallopliyta or Thallugense. 

Natural Order 290. Fungi. — The Mushroom Order. — Dia- 
gnosis. Plants formed of hyphal tissue, producing their fructifi- 
cation in the air ; growing in or upon decaying organic matters 
(in which case they are termed saprophytes), or on living organisms 
(when they are termed parasites), and nourished through their 
vegetative structure called the spawn or mycelium (fig. 829 a, 
my). The Fungi, as here delined, are also destitute of green 
colouring matter and starch. Fructification various. (See pages 
370-378, and figs. 825-838.) 

Distribution, Examples, and Numbers. — They abound in all 
parts of the world except the very coldest, where their spawn 
would be destroyed. Examples of the Genera : — Agaricus, 
Torula, Puccinia, Uredo, Botrytis, Morchella, Tuber, Mucor. 
The number of species is estimated at over 4,000. There are 
about 800 British species. 

Properties and Uses. — Fungi have very variable properties. 
Some are medicinal, others edible, and numerous species are more 
or less poisonous. Many deaths have occurred from poisonous 
Fungi having been mistaken for edible ones ; and, apart from 
their botanical characters, science as yet affords no certain charac- 
teristics by which they may be distinguished. Some general 
characters, however, will enable us in most cases to do so : these 
may be tabulated as follows : — 

Edible Mushrooms. 

1. Grow solitary in dry airy places. 

2. Generally white or brownish. 

3. Have a compact brittle flesh. 

4. Do not change colour when cut by the action of the air. 

5. Juice watery. 

6. Odour agreeable. 

7. Taste not bitter, acrid, salt, or astringent. 



73a 


FUNGI. 


Poisonous Mushrooms. 

1. Grow in clusters, in woods, and dark damp places. 

2. Usually with bright colours. 

3. Flesh tough, soft, and watery. 

4. Acquire a brown, green, or blue tint, when cut and exposed to the air. 

5. Juice often milky. 

6. Odour commonly powerful and disagreeable. 

7. Have an acrid, astringent, acid, salt, or bitter taste. 

All Fungi should be also avoided which insects will not touch, 
and those which have scales or spots on their surface ; and, 
whatever may be their apparent properties, all those which 
have arrived at their full development, or when they exhibit 
any signs of change, should be used with caution. When there 
is any doubt as to the qualities of the mushrooms, it is advisable 
to cut them into slices, and macerate them in vinegar and water 
for about an hour, then wash them in boiling water previous to 
their being cooked. It has been proved that many injurious 
Fungi lose their poisonous properties when thus treated. It is 
quite true that, by following strictly the above rules, edible 
species will not unfrequently be thrown away, but this is of little 
comparative importance, as by so doing all injurious ones will 
certainly be rejected. Probably the best tests given above are, 
to avoid those which are milky, or which have a biting or acrid 
taste, or those which have a powerful or disagreeable odour. 
Colour will frequently fail us, for while some snowy- wliite Fungi 
are poisonous, others, which are highly coloured, as, for instance, 
Agaricus csesareus, are, according to Berkeley, at once the most 
splendid and the best of the esculent Fungi. 

Professor Schiff, of Florence, states that the poisonous 
mushrooms have a common poison which he has termed mus- 
carine , and that its effects are counteracted either by atropia or 
daturia ; and it is said that Italian apothecaries now keep these 
alkaloids in the rural districts where the consumption of these 
poisonous Fungi is probable. But no confirmation of these 
results has as yet been arrived at by other experimenters. 

The species or varieties of Fungi most commonly consumed in 
this country are : the Common Mushroom (Agaricus (. Psalliota ) 
campestris) and its varieties — those which are cultivated should 
be preferred ; Agaricus (. Psalliota ) arvensis, Agaricus (. Marasmius ) 
oreades, the Champignon, Morchella esculent a, the Morel, Tuber 
cibarium , the Truffle, and several species of Boletus. Dr. Badham 
and others have proved that much valuable food is thrown away 
in this country by the rejection of edible Fungi. Dr. Badham 
enumerates no less than thirty species of Fungi which are natives 
of Britain, and which were eaten by himself and friends ; and in 
the first part of Cooke’s ‘ Handbook of British Fungi,’ no less 
than sixteen species belonging to the genus Agcvricus alone are 
stated to be esculent. In France, Russia, Italy, Germany, and 
other countries, several Fungi are also eaten which are regarded 
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by us as poisonous. It is difficult to account for these conflicting 
statements, but we believe that the differences observed in the 
effects of Fungi are due to variations of soil and climate, the 
conditions under which they are grown, the different states, fresh, 
dried, or preserved, in which they are eaten, manner of cooking, 
and the peculiar idiosyncrasies of individuals who partake of 
them. Even the common Mushroom is sometimes poisonous, 
and in Italy, Hungary, and elsewhere, is generally avoided. 
We consider, therefore, that, with our present knowledge, it is 
better to abstain altogether from Fungi when there exists the 
slightest doubt of their qualities. 

In a chemical point of view the Fungi are remarkable for the 
large proportion of water which enters into their composition, by 
their containing much nitrogen, and being rich in phosphates. 

Medicinally, Fungi have been regarded as aphrodisiac, nar- 
cotic, tonic, astringent, emetic, purgative, Sic. Ergot of rye (see 
Senile reroute, page 722), which is used medicinally to excite 
uterine contractions in labour, and for other purposes, is now 
proved to be the sclerotium (compact mycelium or spawn) of 
Clavieeps purpurea. Wheat ond a number of other grasses are 
also frequently ergotised. 

Fungi are often very destructive to living plants and ani- 
mals by growing upon them. Thus, in plants, the diseases 
known as blight, mildew, rust, smut, vine-mildew, potato-disease, 
ergot, and others, are either caused from, or accelerated by, the 
agency of Fungi. Many valuable communications attempting 
to prove that Fungi are either the cause of, or the means of 
propagating, various diseases in the human subject, have been 
also made during the last few years, and there can be no doubt 
but that Fungi are associated with several cutaneous and other 
diseases to which the human body is liable. In some cases of 
diphtheria recently referred to in the ‘ British Medical J ournal ’ 
by Dr. N. W. Taylor, he states that the only apparent source 
of the disease was the mouldiness of the walls caused by the 
production of (Joprirtus dome dims and a form of Aspergillus. 
Berkeley also informed Dr. Taylor, that when ho was at Lille in 
1838, at which time influenza was very fatal, it was supposed to 
arise from the spores of some species of Coprinns. The great 
success of the antiseptic treatment, first introduced by Professor 
Lister, and since carried out by him with such energy, skill, and 
ability, is also due to its preventing the growths of such Fungi 
as the Bacteria in the discharges of wounds, in which otherwise 
they would cause putrefaction. The action of Fungi in disease 
is now under investigation by accurate and discriminating ob- 
servers, and promises to throw much light on our knowledge 
of the causes and propagation of various diseases ; it is one re- 
plete with interest, but which cannot be entertained further in 
this volume. 

In the same way various diseases of animals generally are 
3 B 
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either caused, or accelerated, by the attacks of Fungi. Thus 
the disease in the silkworm, known under the name of mus- 
cwrdine , is produced by one or more species of Botrytis. Similar 
diseases also occur in other animals. Caterpillars are frequently 
attacked by species of Sphaeria or Claviceps , in China, Australia, 
New Zealand, and elsewhere, and ultimately destroyed. The 
mucous membrane of birds is also commonly infested with 
Fungi of various kinds. The disease called Dry Rot , which fre- 
quently occurs in wood, is especially caused by dampness, and 
the subsequent development of the spores of such Fungi as those 
of Meruliv s lacrymans and M. vastator, and Poly poms destructor. 
The different kinds of Moulds which are found on bread, cheese, 
preserves, fruits, paper, books, and various other substances, are 
also Fungi of the species Mucor, Botrytis, Aspergillus, Peni- 
cillium, Oidium, &c. 

An interesting matter connected with the action of Fungi 
on organic matters is also afforded by the process of fermentation, 
which is now commonly regarded as being essentially caused by 
Fungi. Thus, Pasteur has demonstrated that the fermentation 
of saccharine fluids is due to the development in them of the 
Yeast plant, and the butyric fermentation to the growth of 
Bacteria. 

Agarictis. — Agarictis campestrts , the Common Mushroom, and its varie- 
ties ; A. arvensis , A. oreades, the Champignon, A. deliciosus , A. caesareus, 
and A. procerus. Sec. — are largely used for food in this and other parts of the 
world. (See Properties and Uses o f Fungi, page 736.) The subterranean 
mycelium of various t penes of Agaricvs, as that of A. oreades , A. prunutus, 
A . Orcella , A. campestris, and others, and of allied genera, developes in 
a radiating mariner, and, by the remains acting subsequently as a manure, 
causes the grass in our meadows, in such places, to grow in a very luxuriant 
manner in rings, which are commonly called fairy rings. 

Amanita {Agarictis) mvsearia is a verv poisonous species. It possesses 
narcotic and intoxicating qualities, and is much used in Kamtschatka 
and some other parts of the Russian empire as a narcotic and intoxicating 
agent. This fungus possesses the remarkable property of imparting its 
intoxicating qualities to the fluid excretions of those who partake of it. 
When steeped in milk, and other liquids, it acts as a poison to flies ; hence 
its specific name. 

Boletus edulh and several other species are edible. — B. edulis is much 
esteemed in Italy, &c. 

Claviceps {Cordiceps). — The disease called Ergot, which occurs in the 
grains of Rye and many other grasses, is produced by C. purpurea. The 
official Ergot of the British Pharmacopoeia is described as the compact 
mycelium or spawn (seferotium) of this fungus, produced within the palese 
of the Common Rye. Ergot is largely used in medicine to cause contraction 
of the uterus in cases of tedious parturition, or to prevent flooding after 
delivery. It is also employed for other purposes, in overdoses it acts as a 
poison, "and sometimes causes death. Taken for a length of time, as in bread 
made with diseased Rye, it also acts as a poison. — C. Robertsii , C. sinensis , 
C entomorrhiza, and other species, frequently attack caterpillars in a living 
state, which they destroy as their mycelium developes. The remains of the 
caterpillar with the developed fungus of C. sinensis is a highly esteemed 
drug in China, where it is much used as a tonic. 
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Cyttaria Darwinii and C. Berteroi are employed for food, the former in 
Terra del Fuego, and the latter in Chili. 

Elaphomyces granulatus and E. muricatus are sold in Covent Garden 
Market under the name of Lycoperdon Nuts. They are supposed to possess 
aphrodisiac properties, and to promote parturition and the secret ioa of 
milk. 

Exidia Auricula Judsp , Jew’s Ear, is reputed to possess astringent and 
discutient properties when applied externally in the form of a decoction, 
or poultice, — E. hispidula is used in China as a styptic, and as a fo« d 
mixed in soups, &c. It is known there under the name of Moghi , signifying 
ears of trees. 

Lycoperdon , the Puffballs. — When the Lycoperdon yiganteum is submit ted 
to comlustion, the volatile emanations arising front it possess a narcotic 
property. It has been employed in this way to stupefy bees when removing 
honey trom the hive, and has been also recommended as an anajsthetic 
agent instead of ether and chloroform. A similar pioperty is also possessed 
by some other species. 

Merulius lacrymans and 31. ra stator are two of the Fungi which occur in 
the disease called Dry Rot. (.See Propet ties and Uses of Fungi, p. 7118.) 

Morchella esculenta , the Morel, is a highly esteemed edible tungus, which 
is principally employed for flavouring. It- is imported in a dry state trom 
the Continent. 

Myhtta australis is caded Native Bread in Australia, where it is largely 
used as food by the natives. This fungus frequently weighs as much as 
from one to three pounds Other specks, neai ly allied to Myhtta australis , 
are also used in China for food and as medicine. 

Oidium. — The Vine Fungus is commonly supposed to be a species of this 
or a nearly allied genus. It would appear, however, that the so-called 
fungus, Oidium , is a mvceUal form of Erysiphe T acker i. 

Pachyma Cocos, Fries, is another fungus, allied to Myhtta, which is 
highly esteemed as a food and medicine by the natives of l liina, &c., and 
the Indians of the United States of North America. It is the Tuckahoc or 
Indian Bread of the United States, if has been oflered in flic* London mar- 
kets under the name of China root. It may readily be distinguished from 
true China root bv the absence of starch. 

Penictllium glaucum , Mucor tnucedo , Aspergillus glaucus , Botrytis vul- 
garis, and other Fungi, constitute the various kinds of Moulds already 
noticed. (See Properties and Uses of Fungi.') 

Peronospora ( Pkytophthora ) infestans is the fungus which causes the 
potato disease. 

Polyporus. — P. destructor is one of the Fungi found in the Dry Hot ot 
wood. (See Merulius.) Thin slices of P. ignianus and P. fomentarius, 
when softened by beating with a mallet, are sometimes employed externally 
to restrain haemorrhage. Similarly prepared slices soaked in a solution of 
nitre, and dried, constitute Amadou or Cierman tinder. When impregnated 
also with gunpowder, they form black amadou. Amadou has been sometimes 
used to give support and pressure in certain surgical affections, and as a 
moxa. — P. squamosus and P. betulinus , when pressed, sliced, and prepared 
by rubbing with pumice, &c., are used to make razor strops. — P. officinalis, 
Larch or White Agaric, has been employed externally as an astringent; and 
internally, to check perspiration, and as an emetic, cathartic, &c. It was 
formerly employed as an anthelmintic, but its action is frequently violent. 
Larch Agaric is now imported from the northern part of Russia, where 
it grows on the stems of Larix sibhica. — P. anthelminticus , a native 
of Savoy in the Tenasserim Provinces of British Burmah, is known as 
Shan-mo (Worm Mushroom), being there highly esteemed as an anthel- 
mintic. — P. ( Boletus ) Lands canadensis , Canadian Agaric, is reputed to bo 
a valuable remedy in acute rheumatism. — A species of Polyporus , believed 

3 b 2 
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by Berkeley to be P. Pini canadensis , Sehweinitz, a native of Canada, is 
said to be a tonic bitter, and is recommended as an application to wounds. 

Puccinia graminis is the funsrus which produces the Mildew of Wheat. 

Torttla or Saccharomyces. — The so-called Yea^t plant is a mycelial form 
of T. cerevisise ; and the so-called Vinegar plant is also a more developed 
form of the mycelium of the same fungus. 

Tuber , the Truffle. — The species of Truffle, several of which occur in 
Britain, are subterranean. They arc highly esteemed as seasoning or 
flavouring agents. The best are imported from France, Algeria, and Italy ; 
thev are commonly preserved in oil. T. spstivum , T. cibarium, and T. 
mehinosporum arc the more frequently used species. 

Natural Order 201. Ltcheker. — T he Lichen Order. — Cha- 
racter. — Perennial plants , composed of hyphal tissue resem- 
bling that of Fungi, enclosing in its meshes cells, known as 
gonidia (fig*. 841, gon, and 843, gon), which contain chloro- 
phyll, and are now very commonly regarded as minute Algae, 
upon which the Fungus is parasitic. (See page 378.) The 
whole is arranged so as to form a foliaceous (fig. 840), some- 
what woody, scaly, crustaceous, or leprous thallus ; living 
and fructifying in the air, and growing on the bark of trees, 
or on old palings, walls, Ac., or on stones, or on the exposed 
surface of rocks ; usually epiphytic, but sometimes parasitic, 
and commonly presenting a dry, shrivelled, more or less life- 
less appearance. Reproduction either vegetative by means of 
s oredia (see page 380) ; or by true fructification, consisting of, 
1. apothecia , which are sessile or stalked, and generally of a 
rounded (fig. 840, ap) or linear form (fig. 830), and com- 
posed of asci or thectr (fig. 841, as), enclosing 4, 8, or 10 
spores; 2. of sperm agon i a containing spermatia (figs. 840, sp, 
and 842, sp) ; and 3. of, very rarely, pgmidia enclosing stylo- 
spores. (For detailed account of the fructification of Lichens, 
see pages 378-380.) 

Distribution. Examples, and Numbers. — Lichens are distri- 
buted in all parts of the world. The pulverulent species ‘ are the 
first plants that clothe the bare rocks of newly formed islands in 
the midst of the ocean, foliaceous lichens follow these, and then 
Mosses and Liverworts.’ Lichens also form a considerable pro- 
portion of the vegetation of the polar regions and of mountain- 
tops. Examples of the Genera:— Opegrapha, Yerrucaria, Lecidea, 
Cladonia, Peltigera, ITsnea. There are above 2,500 species. 

Properties and Uses . — Several possess _ nutritive properties 
from containing amylaceous substances, and such are also 
emollient and demulcent : others contain bitter principles, which 
render them tonic and astringent ; and many are important as 
dyeing agents. A few possess aromatic properties. Some Lichens, 
as species of Variolaria , contain a large amount of calcium 
oxalate. None are known to be poisonous. 

Cetrana. — C. islandica, Iceland Moss. — This lichen contains about 70 
per cent, of Hchenin or lichen starch , and about 3 per cent, of a bitter prin- 
ciple termed cetraric acid or cetrarin. It is official in the British Pharma- 
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copoeia, and is employed as a nutritious food, and as a mild mucilaginous 
tonic in catarrh, consumption, and other affections. When used for food it 
(should be previously deprived of its bitterness : this may be done either 
by heating it twice in water to near the boiling point of Fahreuheit, or, 
still better, by digesting it in a weak alkaline solution formed by adding 
half an ounce of carbonate of potash to about a gallon of cold water, and 
afterwards washing it with water. 

Cladonia or Ceuomycc . — C. rangiftrina is the Keindeer Moss. It i> so 
termed from constituting the food, especially in the winter months, of the 
Keindeer. — Cladoma ( Scyphophorus ) pyuulata is commonly termed Cup- 
moss ; this and other species ha\e been employed as remedies in whooping- 
cough. 

Gyropkora ( Umbilicana ). — Several species, denominated tri/jc de roe] te, 
possesses nutritive qualities, and are used as food in the Arctic regions. 
Franklin and his companions owed their preservation in 1821, in a great 
measure, to the use ot' these lichens as food. The Gyrophoras also possess 
slight tome pioperties owing to the presence of a bitter principle. — G.pto s- 
tulata is one of the Lichens used in this country by the manufacturers of 
orchil and cudbear. (See Roccella and Lecunom .) It may he also made to 
produce a brown colour. 

Lccanora. — L. ttu'tarea was formerly the principal lichen used in the 
preparation of the dye called Cudbear ; but cudlienr is now obtained not 
only from it, but also from a number of other Lichens, as the species of 
Rot alia, &c. (See Rocctlla and Gyropilot a). — L. Rtrdla yields a similar 
dye. Two species of Recanora , namely, L. iseultnta and L. ajjims. . form 
important articles ot food both to man and animals generally, in Persia, 
Armenia, Tartary, &e. They appear iu some seasons in such enormous 
quantities, that in certain districts they cover the ground to the depth of 
several inches, and the natives believe they fall from heaven. R. e\ euleuta 
is also found in Algeria, Asia Minor, <fcc., and l)r. OTtorke has endeavouied 
to prove that this lichen was the true manna of the Hehrcu's, — that which 
fed them with regularity for foitv years in tlie wilderness. 

Parmelia. — P. panctina was lormerly regarded as a valuable febrifuge, 
astringent, and tonic. It contains a yellow crystalline colouring matter, 
called chrysojikame acid , which is identical with the yellow colouring 
principle of rhubarb, — P. perlata is employed by t lie manufacturers of 
orchil and cudbear. (See Roccella.) It is also reputed to possess diuretic 
properties. 

Peltigera. — Peltigera ( Peltidea ) cauina and P. rvfesctim are know’n in the 
herb shops of this country under the unine of Ground Liverwort. This 
was official in the London Pharmacopoeia, and formerly regarded as a specific 
in hydrophobia. 

hoccellu , Orchella Weeds. — R. tinetoria , R.fuciformis , and R.ht/pomtdm , 
under the common name of Orchella Weed, are the species usually met with 
in this countr}’. They are inqiorted from various parts of the world, as the 
Canary and Cape de Verd Islands, the Azores, Angola, Madagascar, Mauri- 
tius, Madeira, South America, Cape of Good llope, &c. In commerce they 
receive the name of the country from whence they have been derived. 
Orchella weed is extensively used in the manufacture of the purple and red 
colours called orchil or archil and cudbear. In Holland the blue colour, 
called litmus or laemus, is also prepared from t heSame Lichens ; but the best 
kind is said to be made from R. Tinctoria. Litmus is also known under the 
names of Tournesol in cakes and Dutch turnsole. Other Lichens, as spe- 
cies of Lecanora , Gyropkora , Parmelia , Variolar ia, <fcc., are also sometimes 
employed in Britain and elsewhere in the manufacture of orchil, &c. (See 
these species.) Orchil and cudbear are used for staining and dyeing purple 
and red colours, and also occasionally as tests for acids and alkalies. Litmus 
is employed as a test for alkalies, acids, and some sales with a basic reaction. 
It is official for this purpose in the British Pharmacopoeia. A decoction of 
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Orchella weed possesses mucilaginous, emollient, and demulcent properties, 
and has been used in coughs, catarrhs, &c. 

Sticta pulmonaria. Tree Lung-wort, Oak-lungs. — This lichen possesses 
tonic and nutritious properties, somewhat resembling in these respects 
Cctraria islandica. In Siberia, it is used instead of hops for imparting bitter- 
ness to l>eer. It is also employed in France, &c., for the production of a 
brown dye. 

Variolaria . — V. dealbata and V. orcina are used for the production of 
Orchil in France. 


Fig. 1112. 



Fi<f. U12. A small portion of n 
species of Chara , magnified. 
The branches are arranged in 
a whorled manner. The 
contents of each cell ex- 
hibit a kind of circulation. 
The direction of this circu- 
lation is indicated by the ar- 
rows. The circulating matter 
doaa not pass from cell to cell, 
but is confined to that in 
which it origin ate i. 


Natural Order 292. Charace^e. — 
The Chara Order. — Diagnosis . — 
Water plants , with a distinct axis 
branching in a whorled manner {jig. 
1112), and either transparent or coated 
with carbonate of lime. Reproductive 
organs of two kinds arising at the base 
of the branches {jig. 844, s, a\ and 
either on the same or on different 
branches of the same plant, or on 
separate plants. These organs are 
termed globules {jigs. 844, a, and 846) 
and nucules {jigs. 844, s, 847, and 848). 
(See pages 381 and 382 for a detailed 
account of their structure.) 

Distribution , Examples , and Num- 
bers. — These plants occur in stagnant 
fresh or salt water in all parts of the 
globe ; but they are most abundant in 
temperate climates. Examples of the 
Genera : — There are two genera, Chara 
and Nitella, and about 40 species. 

Properties and Uses. — These plants 
during their decay give off a very foetid 
odour, which is regarded as most in- 
jurious to animal life. They have no 
known uses. 


Natural Order 293. AlgjE. — T he Sea- weed Order. — Dia- 
gnosis. — Parenchymatous plants , growing in sa't or fresh water, 
or in moist situations. The thallus is foliaceous and branched 
{jig. 6), or filamentous {jigs. 849 and 850), or pulverulent. 
Many Algee are microscopic, and others are of large size. In 
colour they are usually greenish, rose-coloured, or brown. 
They are reproduced in various ways. (See pages 382-389.) 

' Division of the Order and Examples of the Genera. — The 
order is commonly divided into three sub-orders, which are fre- 
quently regarded as distinct natural orders ; these are known 
under the names of the Melanospot'ese, Melanospermese f or 
Fucoideae ; Rhodosporese, RJwdospermese , or Florideae ; and Chloro- 
sporese, Chlorospermem, or Confervoidese. To these sub-orders 
may be added two others, called respectively Diatomocese and 
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Volvocinese. Numerous other arrangements of the Algae have 
been proposed of late years, but as these must be regarded as 
transitional, we have retained the above-named sub-orders from 
their being generally used in this country in works treating 
practically of this order of plants. Their distinctive characters 
may be briefly described as follows : — 


Sub-order 1. Melanosporeae y Melanospermeae , Fucoidese , or Brown- 
coloured Algae. — Multicellular Algae, growing in salt water, 
forming a foliaceous or filamentous thallus, and of an olive- 
green or olive-brown colour. Examples Sargassum, Fucus, 
Ectocarpus. 

Sub-order 2. Rhodosporcae , Rhodospermeae , Flondeae y or Rose- 
coloured Algae. — Marine muticellular Algae, with a foliaceous 
or branched filamentous thallus, and of a reddish- purple, 
rose-coloured, or reddish-brown colour. Examples : — Coral- 
lina, Chondrus, Porphyra. 

Sub-order 3. Ohlorosporear , Chloroapermeae y Confervoideae y or 
Green-coloured A Igae. —Unicellular or multicellular Algae, grow- 
ing in fresh or salt water, or in moist situations ; usually of a 
bright green colour, or rarely red. Examples: — Caulerpa, 
Palmella, Zygnema. 

Sub-order 4. JJiatomaceae. — Brittleworts. — The following dia- 
gnosis is from Henfrey : — i Microscopic unicellular plants, 
occurring isolated or in groups of definite form, usually sur- 
rounded by a gelatinous investment, the cells exhibiting more 
or less regular geometrical outlines and enclosed by a mem- 
brane, striated (Jig. 1113) or granular, either simply tough 
and continuous (Jig. 1114), or impregnated with silex and 
separable into valves (Jig. 1113). Reproduction by spores 
formed after conjugation of the cells (Jig. 1114), by zoospores 
formed from the cell contents, and by division ’ (Jig . 1113). 
The Diatomacese are again di- F i m 

vided into two sections: 1. Ri 


Diatomeae(Jig. 1113). Natives 
of fresh or salt water, or of 
moist ground, of a brownish 
colour, valvular, and invested 
by a siliceous membrane. Ex- 
amples: — Diatoma, Navicula. 
2. Desmidieae (Jig. 1114 ). 
Found only in fresh water, of 
a green colour, continuous, 
containing starch, and not 
invested by a siliceous mem- 
brane. Examples : — Closte - 



Fig. 1113 A species of Diatonaaoeoa* 
Alga ( Diatoma mannum) dividod into 
parts by mmumatic or flisiparous cell- 
division. The parts are seen to be 
striated. 


rium, Desmidium. 

Sub-order 5. Volvodnem (Jig. 1115). — Henfrey diagnoses them 
as follows i—- 4 Microscopic bodies swimming in fresh water 
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by the aid of cilia arranged in pairs upon the surface of a com- 
mon semi -gelatinous envelope, the pairs of cilia each belong- 

Fig. 1114. 



Fig. 1114. Two Desmiidiaceous Algae ( Docidium Ehrenbergix) after conjugar 
tion, with a resting or inactive spore between them. (After Halts.) 


Fig. 1115. 



Fig. 1115. The Revolving 
Volvox( Volvox globatoi ). 
The outer surface is cili- 


ing to a green corpuscle resembling the 
zoospore of a confervoid, imbedded in the 
periphery of the common envelope. Re- 
production by the development of each 
corpuscle into a new colony, the whole 
being set free by the solution of the parent 
envelope, or by conversion of the corpuscles 
into encysted resting-spores like those of 
Conferva.’ Examples : — Volvox, Gonium. 
The members of this group are frequently 
regarded as Infusorial Animalcules, but in 
all their essential characters they closely 
resemble the Confervoidem. 


Distribution and Numbers. — Algae are 
more or less distributed throughout the globe, growing in salt or 
fresh water, or in moist situations. Some species are found in 
the boiling springs of Iceland, Ac. ; others occur in mineral 
springs, and some m chemical solutions. The waters of whatever 
temperature have their own peculiar forms. It is impossible to 
estimate with any degree of accuracy the number of species of 
Algae, but they may be roughly guessed at 2,500. 

Properties and Uses. — Several species are employed for food 
in different parts of the world ; as, Laminaria saccharina, L. 
digitata , L. potatorum , Ac. ; Alaria esculenta , IhirwU&a utilis , 
Sargassum species , Irideea edulis , Chondrus crispus and C. 
mamillosus, Gelidinm comeum, Ac., Gigartina speciosa , Lauren - 
cia papillosa , Ac., Gracilaria liche'noides and other Gracilarias y 
Bhodymenia palmata , Porphyra vulgaris and P. laciniata, Ulva 
latisdma, U. compressa y Ac. , Nostoc edule y Hormosiphon arcticus y 
and many others. The nutritious properties of the above are 
due to the presence of starch, sugary matter ( mannite ), muci- 
lage, and albumen. M. Payen also discovered a principle in 
Gelidium comeum (Algue de Java) y and some other Algae, to 
which he gave the name of gelose. To this substance the 
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nutritious properties of Algae are likewise, to a great extent, due. 
According to Payen, 1 part of gelose dissolved in 500 parts of 
boiling water, will alford, upon cooling, a colourless, transparent 
jelly,— thus forming t9n times more jelly than a like weight of 
the best animal gelatine. In order, therefore, to produce a 
jelly of equal consistency, it would be only necessary to employ 
the tenth part of what is necessary when isinglass is used. Jellies 
prepared from species of Gelidium , Laurencia , Ac., are much 
employed for food in China, Japan, Ac. The so-called Japanese 
isinglass consists of numerous Algae, but more especially of GHi- 
dium comeum , Gloiopeltis Umx , and Endocladia vernicata. The 
edible birds’ nests, so highly valued for food in China, owe their pro- 
perties probably in part to certain species of Algae, but essentially 
to the secretions of the swallows by which they are constructed. 

In medicine the above-mentioned nutritious Algee may be 
used for their emollient and demulcent properties. Several 
species of Algae, particularly Funis vesicutosus, have been also 
employed as remedies in goitre and scrofulous diseases. They 
owe their benehcial effects m such cases, principally, to the 
presence of a small quantity of iodine. The ashes obtained by 
burning many species of Algau in the open air form the substance 
called kelp, which was formerly much used for the preparation 
of carbonate of soda ; but this is now more cheaply obtained 
from sea-salt. Iodine is, however, still prepared from kelp. # 
Some Algie have been reputed to possess vermifugal properties ; 
none are known to be poisonous. 

Several Alga* are remarkable for imparting colours to water, 
snow, Ac. Thus, Frotococcus (Palmella) atlanticus gives a red 
colour to certain parts of the Atlantic ; F. nivalis contributes to 
communicate a red colour to snow ; and F. aridis. a green tint ; 
JJolichospermum Thompsoni imparts a green colour to some 
Irish and Scotch lakes ; the red colour of the Red Sea is also 
in part attributed to the presence of Trichodesminru erythmiim , 
Ac. Ac. Dr. Robert Brown, has also shown that the discolora- 
tion of the Arctic Sea is due to Diatomacere, but principally to 
Melosia aictica, and that these form the brown-staining matter 
of the ‘ rotten ice’ of northern navigators. 

Some Algae are met with in diseased animal tissues. The 
A chlya prohfera , which attacks the gills of gold fishes, Ac., and 
tiarcina ventriculi , found in the stomach, Ac. of animals, may 
be enumerated as amongst the most remarkable of such forms. 
The latter, however, is now more commonly regarded as a 
fungus, 

* See a valuable communication by E. C. Stanford, read before the 
Society of Arte, tor a detailed account ot a new process for preparing iodine 
from kelp, and for a description of several other important products obtain- 
able from Algai ; and also a 4 Report on the Exhibits in the Paris Exhibition 
of 1878,’ by Paul, Holmes, and Passmore, in 4 Pharmaceutical Journal,’ ser. 
ui. vol. ix. p. 808. 
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Alaria esculenia , Bladderlocks, Hen-ware, or Honey- ware, contains man - 
mfe. It is employed for food in Ireland, Scotland, Iceland, and other 
northern regions. Berkeley says that 4 it is the best of all the esculent Alg® 
when eaten raw,’ 

Chondrus. — C. crispus is the source of Carrageen or Irish Moss. It 
possesses nutritive, emollient, and demulcent properties, and may be em- 
ployed in the form of a decoction or jelly, in pulmonary complaints and other 
affections. Bandoline or fixature , used for stiffening tile hair, and other pur- 
poses, is commonly prepared from Carrageen. The mucilage of carrageen is 
likewise much employed in the United States as a size for paper, cotton goods, 
felt and straw hats, and for thickening the colours used in calico printing. 
Carrageen is also used in America for fining beer, coffee, &c. — C. mamu- 
losus or Gigartina mamillosa is almost always found in the Carrageen Moss 
of commerce. Its properties are similar. — G. acicularis is another species 
also sometimes found mixed with it. 

Durvilleea utilis is used for food by the poorer inhabitants on the western 
coast of South America. 

Fucu8. — Several species contain mannite , as F. vesiculosus , F. nodosus , 
and F. serratus. These species were formerly largely used in the prepara- 
tion of kelp, and are now collected on our shores for manure. — F. vesiculosus. 
Sea Wrack.-«-This Alga is much used in winter in certain islands of Scot- 
land for feeding horses and cattle. Boiled in water and mixed with a little 
coarse meal or flour, it has been used in Gothland for feeding hogs, hence 
the plant is there called swine-tang. It also forms an excellent manure for 
land. The expressed juice has been given internally, and frictions of the 
plant have been employed externally in glandular and scrofulous affections. 
A kind of wine prepared from this Alga has also been used with success in 
similar diseases. The substance called Vegetable Ethiops, which has been 
likewise employed m such cases as the above, is a kind of charcoal produced 
by the incineration of this Alga in close vessels. The beneficial effects in 
t hese instances are principally due to the presence of a small quantity of 
iodine. This Alga has also, of late years, been in some repute as a remedy 
for obesity, but its value for such a purpose seems to be but trifling. It is 
the essential constituent in the nostrum termed Anti- Fat. 

Gelidium cornevm, as already noticed, is nutritive. It is the Algue de 
Java , from which M. Payen first obtained gebse. (See page 745.) It 
forms a favourite article of food in Japan, and other countries, and is also 
used in the manufacture of a kind of glue, and for other purposes. 

Gigartina spinosa (Fucus spinasus) is the Jelly Plant of Australia. It is 
employed for food and for making size, cement, <fcc. (See Chondrus and 
Gracilaria .) 

Gracilaria ( Plocaria ). — G. lichenoides ( Ploearia Candida ), and G. confer - 
voides are the sources of Ceylon Moss, which is official in the Pharmacopoeia 
of India. In most commercial specimens, however, the principal consti- 
tuent is G. lichenoides. Ceylon Moss is nutritive, emollient, and demulcent, 
and may be employed in the form of a decoction or jelly, as a food for children 
and invalids, and also medicinally, in pulmonary complaints, diarrhoea, and 
other affections. It is sometimes imported under the name of Agar-agar, but 
Gigartina 8pino8a has been also imported under the same name. Both species 
are largely employed in the East for making nutritious jellies, for stiffening 
purposes, and for varnishing. — G. tenax may be similarly used. — Gracilaria 
( Plocaria ) Helminthocorton is Corsican Moss. (See Laurencia .) It has 
been used principally as a vermifuge, but its properties have been much 
overrated. — G. crassa (Ki-tsai) is cooked with sov or vinegar in China. It 
is also employed by the Chinese ladies to give a glossiness to their hair. 

Halidrys siliquosa contains nearly 6 per cent, of mannite. 

Hormosiphon arcticus (Nos toe arciicum ), which is very common in the 
Arctic regions, according to Berkeley, 4 affords a mass of wholesome food, 
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which is far preferable to the Tripe de Roche (see Gyrophora ), as it has 
none of its bitterness or purgative quality.’ 

Iridaea edulis , as its name implies, is nutritious, and is sometimes used 
for food in Scotland, and other parts of the world. 

Laminaria . — L. taccharina is remarkable for the large quantity of man- 
nito it contains, upwards y>f 12 per cent. Its young parts, mixed with those 
of L. digitata , are eaten m Scotland, &c., under the name of Tanale. The 
latter species also contains much mannite. L. saccharina is callea Sea tape 
in China, where it is used for food and other purposes. — L. potatorum is 
likewise employed for food in Australia, and other species possess similar 
properties. — L . bulbosa , L. digitata , and L. saccharina are used to a very 
large extent for manure and for the preparation of kelp. The latter is also 
frequently used as an hygrometer. L. digitata is said to contain seven or 
eignt times more iodine* than Fucus vesiculosus. 

Laurencia. — L. pinnatifida is remarkable for possessing pungent proper- 
ties. It is called Pepper-dulse in Scotland, where it is occasionally eaten. 
Berkeley says that L. obtusa forms the greater part of what is now sold in 
the shops as Corsican Moss. (See Gracilaria ). — L. papillosa (Tanshwui) 
is extensively employed in China and Japan in the preparation of a gela- 
tinous substance callod Yang-Tasi. 

Nostoc. — N. edulc is eaten in China, &c. Other species possess similar 
properties. (See Normoswhon arcticus.) 

Porphyra laciniata and P. vulgaris are employed in the preparation of a 
kind of sauce or pickle, which is’ termed Slake ; Slokan , or Laver. — P. vul- 
garis is eaten in China as a relish to rice. It is termed Tsz-Tsai (purple 
vegetable). It is also used for food by many of the Indians along the 
Pacific coast, being cooked as greens, or with meat. 

Bhodi/menia palmata is an article of food in Scotland, Ireland, Iceland, 
&c. It is the Dulse of the Scotch, and the Dil/esk of the Trish. 

Sargassum . — $. bacciferum is the Gulf-weed of the Atlantic. This and 
other species contain iodine, to the presence of which they owe their bene- 
ficial effects in goitre, for which purpose stems of the S. bacciferum are 
much employed in South America under the name of Goitre-sticks. 

Ulva latissima is employed in the preparation of Green Laver. It is very 
inferior to the laver prepared from species of Porphyra. Both these 
lavers might be beneficial in scrofulous affections, &c., as they contain 
iodine. 



BOOK III. 

PHYSIOLOGY OF PLANTS; OR PHYSIOLOGICAL BOTANY \ 


Having now examined the structure, classification, properties, 
and uses of plants, we have still to consider them in a state of 
life and action, and to explain, so far as science enables us, the 
laws which regulate their life, growth, and reproduction. The 
department of Botany which investigates these phenomena is 
termed Physiology ; and the various processes which go on in 
the plant, and which are the necessary accompaniments of its 
life, are called its functions. The different vital actions are 
naturally divided into classes, called, respectively, the func- 
tions of the organs of nutrition or vegetation, and the functions 
of the organs of reproduction ; the former being those concerned 
in preserving the life of the particular plant, and the latter in 
continuing the species. Physiology includes the study of the 
life of the whole plant, when it is termed general ; and that of 
the particular organs, in which case it is called special. 

The present state of our knowledge of many points connected 
with the physiology of plants is so imperfect that there is some 
difficulty in arranging a good plan for its study. In examining, 
therefore, the functions of the different organs, the order of 
arrangement adopted in treating of their structure and morpho- 
logy will be followed as far as possible, and a few observations 
on the phenomena in the life of the whole plant will conclude 
the subject. 
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CHAPTER 1. 

SPECIAL PHYSIOLOGY. 

Section 1. Physiology of the Element \ry Structures 
of Plants. 

1. Functions of Parenchymatous Cells and Parenchyma. 
— As the simplest forms of Vegetable life, such as the Red Snow 
Plant (Protococcus (Palmclla) niralis) (Jig. 1), consist of a single 
cell of a parenchymatous nature, such a cell is necessarily 
capable of informing all the actions appertaining to plant life. 
Parenchyma also constitutes the whole structure of Thallogens, 
as well as the soft portions of all plants above them ; hence the 
physiology of parenchymatous cells is of the first importance. 
The more important vital actions of these cells are, 1. Forma- 
tion of new cells ; 2. Absorption and transmission of fluids ; 
3. Movements in their contents ; and, 4. Elaboration of their 
fluid contents, and production of the different materials neces- 
sary for development and secretion. 

1. Formation of Cells - All plants, as we have seen (p 21), 
in their earliest conditions, are composed of one or more cells, 
hence all the organs which afterwards make their appearance 
must be produced by the modification of such cells, or by the 
formation of new ones. 

The subject of cell-formation or cyt agenesis has for many 
years engaged the attention of able physiologists, and by their 
united labours we have now arrived at tolerably definite con- 
clusions upon the main points of the inquiry ; and although many 
of the subordinate ones are still involved in obscurity, yet the 
processes are better understood than the corresponding ones in 
animal tissues. Our limits will not allow of a description in detail 
of all the theories of cell- formation which have been brought 
forward by different observers ; neither is such necessary, since 
all are now agreed upon the essential principles of the process : 
we shall therefore confine ourselves to a general outline of the 
subject. 

Cells can only be formed from the thickened fluid called 
protoplasm which is contained in their interior, or has been ela- 
borated by their agency ; hence cells can in no case be formed 
without the influence of living organisms. The nature of proto- 
plasm has been already fully described. By various observers 
this formative matter of cells has been called organisable matter , 
vegetable mucilage , cytoblastema f &c. The cell- wall or membrane 
of cellulose takes no part in the formation of cells. 
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FREE CELL-FORMATION FROM A NUCLEUS. 


Each cell or elementary part consists of two kinds of matter, 
or of matter in two states : the one termed by some germinal 
matter , which is vitally active ; the other, for tmd material, which 
is physiologically dead. The protoplasm, primordial utricle, 
and nucleus of vegetable cells are of the first kind, and the cell- 
wall — which Dr. Beale has shown to be not a necessary part of 
the cell— the starch granules, &c., are examples of formed mate- 
rial. This latter may have very various appearances, whilst 
germinal matter is always the same. 

In vegetable tissues the formed material is generally thin, 
but it must in every case have been at one time germinal matter, 
from which alone can formed material be produced. Nutrition 
is effected by the constant passage of nutrient matters from with- 
out inwards through the formed material to the germinal matter, 
whilst the direction of growth is from within outwards, the new 
formed material being interior to that of longer existence. 

Dr. Beale regards the nucleus as a new centre of nutrition 
and growth formed from the pabulum within one already exist- 
ing ; cell-formation, as he describes it, is more nearly what is 
usually called gemmation or budding, all germinal matter being 
capable of division and increase, and of producing germs similar 
to that from which it descended. 

Cells originate in one of two ways : either free in the cavities 
of older cells, or at least in the protoplasmic fluid elaborated by 
their agency ; or by the division of such cells. The first is called 
Free Cell-formation or original cell-formation , being the first 
phenomenon in the life of every plant ; the second, Cell-division 
or Cell- multiplication, which is the usual mode of growth in the 
nutritive organs of plants. 

A. Free Cell- formation. — We may distinguish two modi- 
fications of free cell-formation. 1. Free cell-formation from a 
nucleus or cytoblast ; and, 2. Free cell-formation without the 
previous formation of a nucleus. 

a. Free Cell-formation from a 'nucleus. — This mode was dis- 
covered by Schleiden, who at first considered it to be the only 
process of cell formation that occurred in plants. Subsequently 
he modified his views materially, not only as regarded the man- 
ner in which it took place, but also as to its universality, and ad- 
mitted that it was only one principal mode of cell-formation. 
The manner in which he describes it as taking place is as follows 
(figs. 1110 and 1117) : — A portion of the protoplasm collects into 
a more or less rounded or somewhat oval form, with a defined 
outer border, thus forming the nucleus of the cell ; upon this a 
layer of protoplasm is deposited, which assumes the form of a 
membrane, and expands so as to form a vesicle ; on the outside 
of this a cellulose membrane is secreted, and the formation 
of the cell is completed. The protoplasmic vesicle in this 
case forms the subsequent lining of the young cells, and 
constitutes the ‘ primordial utricle ’ of Mohl. 
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6. Free Cell-formation without a previous nucleus . — In the 
process of free cell-formation, as described above, we have 

Fig. 1H6. 


r. 


' o , - u . 




Fig. 1116. Cells from the embryo- 
sac of Cham ad oven Schitdrana 
In the act of formation, a. The 
youngest part, consisting of 
nuclei and protoplasm. b. 
Newly formed cells r,d. Cells 
still further developed, with 
nuclei adhering to tli-fir sides. 

( Af ter Schleiden . ) Fig. 1117. 

2. The part of fig. 1116, a, more 
highly magnified. 3. A nucleus 
still more highly magnified. 4. 
A nucleus with the cell forming 
upon it. 5. The same more 
highly magnified. 6. The same: 
the nucleus here shows two 
nucleoli. 7. The nucleus of 6, 
after the des traction of the cell 
by pressure. 8. The cells of 
fig. 1116, d, in a higher degree 
of development, the cell-walls 
having already united. (After 
Schlenlen.) 


Fig. 1117. 



/ 


alluded to the production of the nucleus as the first step of 
the process, and it is regarded to be so in most instances by 
the greater number of observers. Henfrey, however, does not 
consider the nucleus of any physiological import in free cell- 
formation, which process he thus describes ‘ The essential 
character of free cell-formation lies in the circumstance that 
the protoplasm which produces the primary cellulose wall of 
the new cell previously becomes separated from the wall of the 
parent cell, so that the new cell is free (or loose) in the cavity 
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of the parent cell. , In some cases, it is certain, no nucleus can 
be detected in a cell previous to the formation of other cells 
free in its cavity ; hence the presence of the nucleus cannot be 
regarded as essential, but the portion of protoplasm, which in 
such cases separates from the general mass, must be capable of 
covering itself with a membrane and forming a cell. This, 
according to Mohl, frequently occurs in the formation of the 
spores of the Algse, &c. 

In Flowering Plants free cell-formation occurs in the 
embryo-Rac, in which part, after impregnation, both the germinal 
vesicles and the cells of the albumen (endosperm) originate in 
this way. In Flowerless Plants it is regarded by some observers 
as the mode by which the spores of Lichens, and some of the 
Algae and Fungi originate. Modifications of this process are 
found in the formation of the parent cells of the pollen, some- 
times in the formation of the pollen-cells, and also in the 
parenchymatous cells of the central region of the anther. 

In the ordinary course of vegetation, free cell-formation can 
only take place in the protoplasm contained in the interior of 
cells forming parts of living tissues. 

B. Cell-dtvlsion. — This mode of cell-formation is also called 
bv authors parietal, and wcrismafir or fssi parous cell- formation. 
Cell-division can only take place in cells in which the contained 
protoplasm is in an active state, as in the cells of the meristem , a 
name given to that kind of parenchyma the constituent cells of 
which are thus capable of multiplying by division. It may be 
treated of under two heads : namely, 1. Cell-division without 
absorption of the walls of the parent cell ; and, 2. Cell-division 
with absorption of the walls of the parent cell , and the setting 
free of the new cells. 

a. Cell-division without absorption of the walls of ths parent 
cell . — This mode of cell-formation was fir^t observed by Mohl, 
whose opinions were afterwards ably supported by Henfrey 
and Mitscherlich. According to these physiologists (and their 
observations have now been confirmed in all essential particulars 
by numerous subsequent observers), this process is the one by 
which all the vegetating or growing parts of plants, whether 
Flowering or Flowerless, are produced and increased; — all 
increase in the mass of the different organs is therefore due to 
its agency. The manner in which it takes place is as follows : — 
the protoplasm of the cell, or, according to Mohl and Henfrey, 
the primordial utricle, becomes gradually constricted on the 
sides so as ultimately to form a sort of hour-glass contraction, 
and thus to divide the original contents into two distinct portions 
(fig. 1118, a, 5, c, d). Each portion of the protoplasm or of the 
primordial utricle then secretes a layer of cellulose over its whole 
surface ; and where this is in contact with the original wall of the 
primary cell it forms a new layer interior to it, but where away 
from the wall, at the new septum, a distinct cell- wall, so that the 
partition is double. The original cell thus becomes divided into 
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two, and forms two cells, each of which has the power of 
growing until it reaches the original size of its parent, and then 
either, or both, may again divide, and each of the newly-formed 
cells grows in a similar manner to the size of its parent. (It 
should be noticed that the primordial utricle of Mohl here re- 
ferred to differs from that defined by us at page 25 of thiB 
Manual. Thus, according to the views adopted in this volume, 


Fig. 1118. 


b o d 



Fig. 1118. a Coll of Conferva, ylomerala, with the coil-contents constricted 
by the half completed septum, b. A half-completed Beptum in which a 
considerable deposition of cellulose has already taken place, r. A septum 
in course of development after the action of an acid, which bus caused 
contraction lx>th of the primordial utricle (6), and the oell-oontents («). 
d. Complete septum split into two lamella) by the action of an acid. (After 
Mohl and Henfrey.) 

the primordial utricle is characterised as the thin layer of pro- 
toplasm which lines the cell-wall after the cell has grown too 
large to be filled by protoplasm alone ; while Mohl regards it 
as a more or less thickened layer of protoplasm, having the 
appearance of a membrane lining the cellulose wall, and enclosing 
the ordinary protoplasmic contents of tlie cell). 

Cell-division is best observed in water-plants of a low grade 
of organisation, and in hairs. In very simple vegetables also, 
such as Palmella in which the newly formed cells separate and 
become independent plauts, the process of division is well seen ; 
but in the higher plants, where they remain permanently united 
to form tissues of greater or less solidity, it is with difficulty 
demonstrated. 

In this mode of cell-formation, it is by no means evident 
what function the nucleus performs. That in some conns 
it is unimportant is clear, because cell-division, as above de- 
scribed, may take place, as it does in some of the lower orders of 
plants, without the presence of a nucleus. In the higher orders 
of plants, however, the original nucleus of the cell appears to 
undergo subdivision into two halves, as is the case with the 
other contents, so that a nucleus is thus formed for each new 
cell into which the parent cell has been divided. But in othei 
cases, separate nuclei are formed for the secondary cells, instead 
of the original nucleus dividing into two. 

From recent observations Strasburger considers that the 
3c 
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/V. 1119. Von>t plant in prrx*<»<w 

of dovolopmont. Fur. 1120. 

Covfei'rn olomern 1 a, showing tlie 
progressive stages of gemma- 
tion (b, c, d, e). a. Terminal 
cell. (After Mohl.) 


division of the nucleus and cell-formation are two processes 
which are quite distinct, and may be separated from each other, 
although in many cases they may come into contact. 

In some of the lower kinds of plants, a modification of the 
above described process of cell-division takes place especially as 

Fig. 1119. F,<, 1120. ?, methodo / ^production ; 

r this consists m the forma- 

> tion of secondary cells, as 

B little bud-like prominences 

on the primary cells, either 
at their extremities, as in 
the Yeast plant (fig. 1119), 
by which the plant is in- 
creased in length ; or on 
the side of the primary 
cell when branches are 
\\} produced, as in some Con- 

IV j fervae (fig. 1120), in the 

fibrilliform cells of Fungi 
and Lichens, and in other 
/v. li iff. Yon^t plant in proofs cases, probably, much more 

of dGvolopmont. Fur. 1120. - - ’ r ’ 

Covfei'rn oiovterafa, showing t lie frequently than is com- 

progressive stages of gemma- monly supposed. The 

re™ '(After Mohl.)"' TerminBl U® mode in which this bud- 

ding occurs may be thus 
described. At a certain point the protoplasm or primordial 
utricle appears to acquire a special development, for it is seen to 
bulge out, carrying the cellulose wall of the cell before it, by 
which a little prominence is produced externally (fig. 1120, b) ; 
this continues to elongate until it forms a tubular projection, c, 
on the side of the primary cell. The cavity of this projection is 
at first continuous with that of the cell from whence it sprung, 
but after it has acquired a certain definite length, its protoplasm 
becomes constricted at the point of contact with the primary 
cell, d, and ultimately forms a partition between them, as in 
the ordinary process of cell-division. This process of cell- 
division is usually termed gemmation or budding. In some 
cases, as in the formation of the fibrilliform cells of Fungi and 
Lichens, no partitions are formed, but all the branches com- 
municate with each other (fig. 68). 

b. Cell-division with absorption o f ike walls of the parent cell , 
and the setting free of the new cells. — The pollen cells of all 
Flowering Plants, and the spores of most Flowerless Plants, are 
formed by this process, which only occurs in connection with 
the organs of reproduction. The manner in which it commonly 
takes place in the production of pollen cells has already been 
described at pages 250-252 of this volume. The manner in 
which spores are formed in the higher Flowerless Plants is 
substantially the same in most cases. It sometimes happens, 
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Iiowever, that in the development of pollen and spores, the 
special parent cells are not formed, as has been shown by 





Fxth 1121. a. Cylin- 
drical cell from 
which are formed 
the parent cells of 
the spores of Mar - 
chanlia polymor - 
pha. p. Protoplasm 
of tho parent cells. 
b. The same cell 
converted into a 
string of colls, c. 
One of the parent 
cells isolated, d. 
The four sporos 
lreo. (After Hen- 

frey.) Fig. 1122. 

Formation of zoo- 
spores in Achlya 
pi'olifera. (After 
Carpenter.) 


Schacht ill the pollen of (Euothera and in the spores of Anthoceros 
Ixvis ; and by Henfrey in 

the spores of Marchantia Pin. 1123. 

2 >olymorpha (fig. 1121). LVI B 

In other cases, instead 


Fig. 1123. Oogonia and antheridia 
of Achlya ligvicolu , showing 
cell-division. The letters A to E 
indicate the course of develop- 
ment. The protoplasm of a cell 
or branch of a cell collects into 
a globulnr form a, B, and by the 
formation of a septum d q be- 
comes an independent cell (the 
oogonium) in which nucleus- 
like bodies may appear, c. The 
protoplasm then breaks up into 
two or more parts, d, e t e 
(ooepberes), which quickly be- 
come spherical, and after fer- 
tilisation by the antheridia B, o, 
a, and D, b , 6, penetrating into 
the oogonia, c, i> secrete a cell- 
wall, k. (After Sachs.) 
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1122, b) from it clothed by a cellulose coat, as is ordinarily the 
case, or this coat is secreted after their separation from the 
parent cell, as in the zoospores of the lower Algae. Some of 
these modifications of the process of cell-division are closely 
analogous to the ordinary process of free cell-formation (Jig. 1123), 
to which by many authors they are referred. (See also page 752). 
c. Another method of cell-division is that which is termed 


rejuvenescence or renewal of a cell, where the whole contents of a 

cell contracts, some of the cell- 


Fio. 1124. 



Fig 4. a , b. Escape of the swarm-spores 
of an (Edogomum. c. Ono in free mo- 
tion. D. The same after it has become 
fixed, and has fonned the attaching 
disc. E. Escape of the whole protoplasm 
of a germ plant of CEiogoruum in the 
form of a twarm-spoio. (After Prmgs- 
heim.) 


Bap is expelled, the chlorophyll 
becomes rearranged, and its 
whole form alters as it escapes 
from the cell-wall and even- 
tually forms a fresh cell-wall. 
This process may be well seen in 
the swarm-spores of (Edogonium 
(Jig. 1124). 

Rapidity of Cell-production. 
— By the ordinary method of 
cell- division, cells are in many 
instances produced with almost 
inconceivable rapidity. Thus it 
has been stated that a fungus 
of the Puff-ball genus has been 
known to grow in a single night, 
in damp warm weather, from 
the size of a mere point to 
that of a large gourd ; and it 
has been calculated, from the 
average size of its component 
cells, that such a plant must 
have contained at least forty- 
seven thousand million cells, so 
that they must have been de- 
veloped at the rate of nearly 
four thousand millions per hour, 
or more than sixty-six millions 
per minute. Another illustra- 
tion of the rapid production of 
cells is afforded us in arctic and 


alpine regions, where it frequently happens that the snow over 
an extensive area is suddenly reddened by the Red Snow-plant 
( fig . 1). Again, it may readily be ascertained that, in a favour- 
able growing season, many stems will increase three or four 
inches in length in twenty-four hours ; the Agave or American 
Aloe, when flowering in our conservatories, has been known to 
develope its flower-stalk at the rate of at least a foot a day ; 
and in the warm climates where it is indigenous, as in the 
Mauritius, it will grow at least two feet in the same period of 
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time. Leaves also in some cases develope very rapidly ; thus 
Mulder states that he has seen the leaf of Urania speciosa 
lengthen at the rate of from one and a half to three and a half 
lines per hour, and even as much as from four to five inches 
per day. In all these cases of rapid growth in size, it must be 
remembered, however, that the increase is due not only to the 
formation of new cells, but also to the expansion of those pre- 
viously formed. 

2. Absorption and Transmission of Fluids. — The cell- wall of all 
young and vitally active parenchymatous or prosenchymatous cells, 
is capable of readily imbibing fluids, and 
we find, accordingly, that liquid matters Fig. 1125. 

are constantly being absorbed and trans- 
mitted through such cells. The power 
which thus enables cells to absorb and 
transmit fluids, is called osmose. This 
physical force, as will be afterwards 
shown, is a most important agent in plant- 
life, for by its agency plants are enabled, 
not only to absorb crude food by their 
roots in a fluid state, but also to transfer 
it upwards, from cell to cell, to the leaves 
and other external organs, for the purpose 
of being elaborated by the action of 
light and air. It is, morever, by a some- 
what analogous process (< diffusion of 
gases), that the cells on the surface of 
plants are enabled to absorb and transmit 
gaseous matters. 

Osmose maybe explained as follows: — 

Whenever two fluids of different densities 
are separated by a permeable membrane Fig.u 25. Apparatus to show 
which is capable of imbibing them, there of a bladdor ft ucd with 
is always a tendency to equalisation of syrup, to the open end of 
density between the two from the forma- 

tion of a current m both directions, which vessel containing water, 
will be modified by the action of the mem- 
brane, as well as by their own rates of diffusion. This osmotic 
action may be easily observed, by filling a bladder with coloured 
syrup, attaching to its open end a glass tube, and then immersing 
it in a vessel containing water (fig. 1125). Under such circum- 
stances the volume of the denser fluid in the interior of the 
bladder becomes increased (as will be at once seen by its rise 
in the tube), by the more rapid passage through the membrane 
of the thinner fluid than of the thicker, though at the same 
time a less portion of the syrup passes out into the water or 
thinner fluid, as may be proved by the sweet taste and colour 
which the latter gradually acquires. This double current will 
continue as long as there is any material difference of density 
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between the two liquids. The stronger in-going current is 
termed endosmose, and the weaker outgoing current exosmose. 
If the position of the liquids be reversed, the currents will be 
reversed in like manner, the preponderating current, in almost 
all cases, being that which sets from the thinner to the denser 
liquid. 

The absorption and transmission of liquid matters through 
cells is now very easy to explain, for as the fluid contents of 
the cells of the roots of plants are denser than the water con- 
tained in the media in which they grow, they will continually 
absorb the latter by end osmose ; and as the changes which are 
going on in the cells by evaporation, assimilation, and other pro- 
cesses on the surface of plants, tend to thicken their contained 
liquids, there will also be a constant passage of the absorbed 
fluids from cell to cell towards those parts where such processes 
are taking place. The laws of ordinary adhesive or capillary 
attraction and of the diffusion of fluids also regulate the flow of 
the juices, which in certain cases may be even set in motion by 
either force. The action, however, of the intervening membrane 
(cell-wall), in greatly modifying or even overcoming osmotic 
action, is evidenced by the numerous cases in which neighbouring 
cells contain different substances without their intermixture. 
In cellular plants, such as Algee and Fungi, absorption may take 
place at any part of the thallus ; while in vascular plants it occurs 
principally through the roots, though all the green parts may 
contribute to it (see page 763), and that, too, probably indepen- 
dently of the presence or absence of stomata. 

3. Movements in the Contents of Cells. — In many cells, and 
probably in all at a particular period of their life, when they 
are in a vitally active state, a kind of movement of a portion 
of their contents takes place. This movement is sometimes 
erroneously considered as a kind of rotation of the watery 
cell-sap, but the very complete observations of Mohl have 
proved that it is due to a circulation of the protoplasm, which 
is rendered visible by the opaque granular particles which it 
contains (figs. 1126 and 1127). The protoplasm thus circulating, 
does not pass from one cell to another, but is strictly confined 
to the cell in which it originates. This kind of movement has 
been termed Rotation , Gyration, or Intracellular Circulation : it 
ceases, in the generality of cases, in cells when they have attained 
a certain size, but in those of many aquatic plants it continues 
throughout their life. 

The appearances presented by these movements vary in 
different cases. Thus, in the cells of many hairs, as in those 
of the Common Spider wort ( Tradescantia virgmica), the Potato 
(Solanum tuberosum) (fig. 39), and Althaea rosea (fig. 1126), the 
protoplasm becomes hollowed out, and the motion is in reticulated 
currents, radiating apparently from, and returning to, the nu- 
cleus ; to this action the term circulation is applied. In the 



MOVEMENTS IN THE CONTENTS OF CELLS. 


7W 

cells of the leaves of the Valltineria (Jig. 1127) and i/wiwm, 
and in those of other part* of the same plants, intracellular 
movements may be readily observed when they are submitted 
to a moderate microscopic power ; here, however, the protoplasm 
does not become hollowed out, but with its granular contents 
will be seen to pass round the interior of the walls of each cell, 
retaining its activity permanently ; which movement is called 
rotation. Dr. Beale has figured the rotation in Vallisneria , as 
seen when magnified 2,800 diameters (How to Work with the 
Microscope) ; he describes the circulating stream as consisting of 

Fu,. 1127. 



Fuh 1126. Hftiron calyx of fluwcr-lmil of 
Al theta rosea. The streaming of the 
protoplasm is indicated by the arrows. 

(After Sachs.) Fur. 1127. Cells of the 

leaf of Vallisneria spiralis showing the 
circulating current with its granular 
contents, passing up one side of each 
cell, across, and dou n on the othor side. 
The direction of the currents is indi- 
cated by tho ariows. 

extremely minute apparently spherical particles of ‘ germinal 
matter . . . endowed with active motive power/ and with them 
the larger masses of chlorophyll are carried. In the Characea , 
and especially in the Nitellae , which are transparent, the moving 
protoplasm does not rotate round the walls, nor in reticular 
currents, but passes obliquely up one side of the cell (Jig. 
1112) until it reaches the extremity, and then flows down in 
an opposite direction on the other side. Another difference in 
these plants is that the primordial utricle with the chlorophyll- 
corpuscles embedded in it remains attached to the cell-wall and 
motionless, while a thick mucilaginous layer between it and the 
watery cell-sap within is the part that circulates. 

No satisfactory explanation has yet been brought forward 
to account for this movement, but it is unquestionably connected 
with the vitality of the cell-contents, and all agents that actually 


Fu;. 1120. 
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injure tlie cell will generally stop it at once, and permanently, 
though in some plants (as Chara) a large cell may be tied across 
the middle with the effect of stopping the circulation tempo- 
rarily ; but after a short time it will recommence in each half. 
The movements of the ciliated zoospores of the Algse (see page 
385, and figs. 72-74), and those of the ciliated spenmatozoids 
or antherozoids of Algae (see page 387 and fig. 856), and of the 
higher Cryptogamic plants (see page 358 and fig. 797), are usually 
regarded as 1 analogous to the rotation of the protoplasm.' 

4. Elaboration of the Cell-contents. — All cells exposed to light 
and air which contain protoplasm, have the power of producing 
in their contents the various compounds which are concerned in 
the development of new tissues, and in the formation of the 
various secretions of the plant. (See Respiration and Assimila- 
tion.) In old cells the secretions of the plant are also, in part, 
deposited. 

2. Functions of Prosenohymatous Cells and Prosen- 
chyma. — Prosenchymatous cells are especially adapted by their 
construction and mode of combination into a tissue, for giving 
strength and support to plants ; and there can be no doubt but 
that this is one of the offices which they perform. In a young 
state, also, before their walls are thickened, they appear to be 
the main agents by which tlie fluids absorbed by the roots are 
carried upwards to the leaves and other external organs, to be 
elaborated by the agency of light and air. The experiments of 
Hoffmann, Unger, and others, seem to prove this. Thus, Hoff- 
mann, by placing plants in such a situation as to cause them to 
absorb a solution of ferrocyanide of potassium, and then adding 
a persalt of iron to sections of them, found that the prussian 
blue which was formed by the reaction of the chemical agents 
thus applied, was principally deposited in the prosenchymatous 
cells. Unger also came to the same conclusion, by causing 
plants to absorb a coloured vegetable juice, and tracing its 
passage. But other experimenters, such as Link, Rominger, 
and Spencer, have arrived at opposite conclusions. (See 
Functions of Vessels.) The down current of elaborated sap is 
generally believed to pass through the liber- cells of the inner 
bark. 

3. Functions of Vessels and Vascular Tissue. — The 
functions of the spiral, annular, reticulated, pitted, and scalari- 
form vessels have been a subject of much dispute from an early 
period, and have been repeatedly investigated. Hales, Bischoff, 
and others came to the conclusion that these vessels were 
carriers of air, and it is certain that air alone is found in old 
vessels ; while Dutrochet, Link, Rominger, &c., believed that 
their essential function was to carry fluids from the root up- 
wards, which views from recent observations appear to be cor- 
rect. According to Link, when plants are watered for several 
4&ys with a solution of ferrocyanide of potassium, and after- 
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wards with a solution of persulphate of iron, prussian blue is 
found in the vessels, and not in the prosenchymatous cells, as 
the experiments of Hoffmann, alluded to in speaking of the 
functions of prosenchymatous cells, seem to indicate ; and, more 
recently, the experiments of Herbert Spencer, conducted with 
great care, tend to show that in young plants at all events the 
vessels are the chief sap-carriers, whence the fluid exudeB into 
the surrounding prosenchyma. 

Function# of Laticiferous Vessels or Tissue. — The physio- 
logical importance of these vessels has given rise to much 
discussion, and is still involved in obscurity. Nothing further 
is absolutely known, than that they contain a watery granular 
fluid, which may be mucilaginous, gummy, or of an odoriferous 
or coloured oily character, which becomes milky on exposure to 
air, and to which the name of latex has been given. When the 
watery constituents have evaporated, the latex generally assumes 
a transparent resinous character. Lindley, and some other 
authors, believe that these vessels 4 convey the elaborated sap 
of a plant to the places where it is needed, and ©socially down 
the inner part of the bark of Exogens. ’ (See also page 48.) 
Schultz called the tissue formed by the ramifications of the 
laticiferous vessels cimnchyma , because he believed that he had 
discovered in it a peculiar vital movement or circulation of the 
latex, to which he gave the name of cyclosis. Lestiboudois lias 
also made out a circulation of the contents of laticiferous vessels. 
This movement may be generally observed by placing a leaf of 
the common Celandine (Chelidonium majus\ previously dipped 
in oil, under the microscope, and it is described by Balfour 
4 to resemble in many respects the appearance presented by the 
circulation in the web of a frog’s foot.’ We have, however, 
never succeeded in observing such an evident circulation in any 
laticiferous tissues examined by us, although we agree with 
Schultz, Balfour, Carpenter, and others, that a kind of vital 
movement of the latex does occur in the uninjured plant. 
Amici, Treviranus, Mohl, Henfrey, and others, altogether deny 
the existence of any such movement in uninjured tissues, 
and describe the circulation as depending 4 upon a disturbance 
of the equilibrium by external causes, such as pressure and 
heat, and may be produced at will in any direction by making 
an incision, towards which the juice flows.’ 

Tr^cul has propounded a new theory as to the functions of 
the laticiferous vessels. This physiologist states that he has 
seen the laticiferous vessels in many milky plants communicating 
freely with the other vessels, and he concludes that they act as 
venous reservoirs to the circulating fluid. 

4. Functions of Epidermal Tissue.— The special functions 
of epidermal tissue are : — to protect the tissues beneath from 
injury, and from being too rapidly affected by atmospheric 
changes ; to regulate the transpiration or exhalation of watery 
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fluids ; to absorb and exhale gaseous matters ; and probably, 
to some extent, to absorb water. The epidermis itself is 
specially designed to prevent a too ready evaporation of fluid 
matters from the tissues beneath, and hence we find that it is 
variously modified to suit the different conditions to which 
plants are submitted. Thus, in submersed plants and sub- 
mersed parts of plants, which are always exposed to similar 
influences as regards moisture, there is no true epidermis: 
whilst in aerial plants submitted to ordinary influences in cola 
and temperate climates, we generally find an epidermis with 
only one layer of thin-sided cells, and covered by a cuticle of 
only moderate thickness. Cellulose is rarely, and then only 
with difficulty , discovered in cuticle, which is a thin structureless 
membrane extending uninterruptedly over the boundaries of 
the subjacent epidermal cells. It is coloured yellow or yellow- 
brown on the addition of iodine, with or without sulphuric 
acid ; it is soluble in boiling caustic potash, but insoluble in 
concentrated sulphuric acid. In other aerial plants, however, 
growing in the same latitudes, such as the Box, &c., and 
generally also in those of a succulent nature where there is but a 
moderate exhalation, we find the upper walls of the epidermal 
cells especially thickened, or protected by a dense layer of 
cuticle ; whilst in aerial plants growing in very dry or hot 
regions, as the Oleander (fig. 121), we have frequently an epi- 
dermis of two, three, or more layers of thick-sided cells, and 
other special contrivances to prevent a too ready exhalation of 
fluid. For instance, De Bary states that wax may be de- 
posited in the cuticle, and that on heating to about 100° C. , it 
separates out in the form of drops. This wax maybe associated 
with resin, and assists in preventing the aerial parts of plants 
from becoming moistened by water. Such plants as these are 
best fitted for growth in houses, where the air is usually very 
dry. While the epidermis may thus be shown to have for its 
object the restraining of a too abundant exhalation, the stomata 
are especially designed to facilitate and regulate the passage of 
fluid matters, and in proportion to their number, therefore, 
upon the different organs and parts of plants, csderis paribus, 
so will be the exhalation from them. The exact manner in 
which the stomata act is not readily explained, but it may be 
always noticed, that when plants are freely supplied with 
moisture, the stomata have their bordering guard-cells dis- 
tended with fluid, elongated, and curved, so that the orifices 
between them are open ; whilst in those cases where there is a 
deficiency of fluid, the bordering cells contract, straighten on 
their inner surfaces, and thus close the orifices. Under the 
former condition of stomata, there is a ready communication 
between the external air and the internal tissues, and hence a 
free exhalation takes place ; while in the latter state, the ex- 
halation is more or less prevented. As a rule, stomata are open 
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during the day when circumstances are favourable, and closed 
at night when the plant is asleep. 

It is also through the cells of the epidermis, and more espe* 
cially through the stomata, that certain gaseous matters are 
absorbed from, and exhaled into, the atmosphere, in the pro- 
cesses of Respiration and Assimilation. (See page 773.) 

It is still a disputed question whether the epidermal tissue 
and its appendages have the power of absorbing liquids, such 
as water. Some authors, as Unger and Duchartre, not only 
deny the possession of such a power, but also that of taking up 
watery vapour ; and Prillieux has’ repeated their experiments 
with the same results and conclusions. Recent researches of 
the Rev. G. Henslow seem, however, to prove that leaves can 
absorb moisture. (See page 773.) Indeed, it is very difficult 
to account for the immediate recovery of drooping plants in a 
greenhouse when water is sprinkled upon the floors, or the 
revival in nature of vegetation when a mist follows a long 
succession of dry weather — except on the supposition that watery 
vapour is taken up by the epidermal tissue and its appendages, 
unless the presence of moisture acts only in the way of checking 
transpiration. Epiphytical species seem also to obtain nourish- 
ment from the atmosphere by absorption through the epider- 
mis. Whether water itself is absorbed by the epidermal tissue 
and its appendages is doubtful. Various experimenters have 
endeavoured to show that they have this power. The researches 
of Garreau led him to the following conclusions : — 1. That the 
epidermis possessed an evident endosmotic property, the in- 
tensity of which was in proportion to the age of the tissues 
which it invested ; thus it was greatest when they were young, 
gradually diminished as they approached maturity, and was 
altogether lost when they became old. 2. The absorbing power 
of the epidermis was greater in proportion to the absence of 
waxy or fatty matters. 3. The epidermis covering the upper 
surface of the ribs, and especially of that of the petiole where 
it joins the stem, is that part of the leaf surface which presents 
the most marked power of absorption. 4. In certain instances 
in which the epidermis is absorbent, the cuticle presents impedi- 
ments to absorption. 5. Simple washing with distilled water, 
and more especially with soap and water, augments the absorp- 
tive power. 6. When the epidermal tissues of leaves have lost 
their power of absorbing water, they can still absorb carbon 
dioxide. 

Origin and Development of Stomata . — A stoma is formed by 
the division of an epidermal cell (the mother-cell) by a partition 
which extends across and divides the two daughter- or sister-cells 
(fig. 1128) ; this partition then becomes thickened, especially at 
the angles where it joins the wall of the parent-cell. After a 
time the thickened partition becomes laminated, when a cleft 
appears in it, narrower in the middle, wider without and within^ 
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which unites the intercellular space with the external air. Before 
the parent cell divided a cuticularisation of its surface took place, 
the cuticle extending over the apposed surfaces of the sister cells. 
Even when the division is complete, a portion (if the leaf is ex- 
amined in a superficial position) still remains as a simple lamella. 

Fig. 1128. 



Fiq. 1128. p , p. Parenchyma of the leaf, e, e. Epidermis cells, s. Ktoma. 
i. Air cavity. In these figures the development of the stoma of Hyacin- 
thus o rim tali. <i is represented from the first division of the mother-cell in a 
into two daughter-cells, to the complete separation shown in d. (After 
Sachs.) 

These two sister or daughter cells are called guard cells, and fur- 
tlier.differ from the rest of the epidermis in containing chlorophyll 
and starch. Stomata are sometimes found at the bottom of funnel- 
shaped depressions, sometimes projecting above the general level, 
though usually they are on the same level. (See page 57). 

5. Functions of the Appendages of the Epidermis. — 
Hairs and their modifications appear to be designed to protect 
the epidermis and parts beneath from injury due to cold and other 
external influences, hence we find young buds (see page 100), 
&c. , frequently coated with hairs. Hairs also appear in certain 
instances, at least to some- extent, to absorb fluid matters from 
the atmosphere, whilst in other cases they serve to assist the 
epidermis in restraining exhalation ; and we find, accordingly, 
that plants which are densely coated with them are well adapted 
to grow in dry arid situations, and to sustain without injury a 
season of drought. 

Glands are those organs which in themselves secrete some 
peculiar matter. (See page 64.) These secretions are either 
permanently stored up in them, or excreted. 

6. Functions of the Intercellular System. — The inter- 
cellular canals , except at those times in which the tissues of the 
plant are gorged with sap, as in the spring of the year, are 
filled with air, and the especial function which they perform 
is to allow a communication between the external air and the 
contents of the internal tissues by virtue of the laws regulating 
the diffusion of gases. They likewise facilitate exhalation of 
liquid matters by their connection with the stomata. The inter- 
cellular spaces are also, in most cases, filled with air ; while the 
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air-cells and air-cavities, as their names imply, are in like manner 
filled with aeriform matters, and in water-plants are especially 
designed to diminish the specific gravity of the parts in which 
they are found, and thus to enable them to float readily. The 
receptacles of secretion, as their name implies, contain the pecu- 
liar secretions of certain plants, and are closely allied in their 
nature to glands. (See page 68. ) 

Section 2. Physiology of the Organs of Nutrition or 
Vegetation. 

1. Of the Root or Descending Axis. — The offices per- 
formed by the root are : — 1. To fix the plant firmly in the earth 
or to the substance upon which it grows, or, in some aquatic 
plants, to float it in the water. 2. To absorb liquid food. 3. 
According to some authors, to excrete into the Roil certain 
matters which are injurious, or at least not necessary for the 
healthy development of the plant, though in the earth they may 
assist subsequent nutrition by dissolving substances which 
could not otherwise pass into the plant. 4. To act as a reservoir 
of nutriment. 

The office which the root performs, of fixing plants in those 
situations where food can be obtained, is evident, and needs no 
further remarks. It is also essential to the proper performance 
of its absorptive powers. 

Absorption by the Hoot. — The function which the root per- 
forms of absorbing nutriment for the uses of the plant, from 
the materials in or upon which it grows, is not possessed by its 
whole surface, but is almost exclusively confined to the cells 
and fibrils (Jig. 243) of the newly developed portions and young 
parts adjacent to them. Hence in the process of transplanting, 
it is necessary to preserve the young growing roots as far as 
possible, otherwise the plants thus operated upon will languish 
or die, according to the amount of injury they have sustained. 
The injury done to plants in transplanting is also to a great ex- 
tent influenced by atmospheric circumstances and conditions of 
the soil at the time in which such an operation is performed ; 
thus, under the favourable circumstances of a warm soil and moist 
atmosphere the destruction of a large portion of the young 
extremities of the root will do but little injury, as the plant 
will then speedily form new absorbent extremities ; but if the 
conditions of the earth and soil be the reverse, then a large 
destruction of the young extremities of the roots will cause the 
plant to die before new absorbent extremities can be formed. 
Special attention should be paid to the above facts when trans- 
planting is performed in the growing season ; but it is far 
better, when possible, to transplant late in the summer or in 
the autumn when the growing season is drawing to a close, or 
in the spring before it has recommenced, as at such periods 
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little or no absorption takes place, and the plants have accord- 
ingly time to recover themselves, before they are required to 
perform anv active functions. (See page 819.) 

This absorption of food by the youngest rootlets is due to 
osmose taking place between the contents of their cells and the 
fluids of the surrounding soil. But it should be noticed that, as 
already mentioned (page 121), the dense cells at the extreme apex 
of the rootlets forming the cap are not adapted for absorption. 

Roots absorb more water than the plant requires, and this 
excess of fluid exerts a pressure up the stem called Root-pressure 
which may be measured by cutting off the upper part of the 
stem of a growing plant and attaching a manometer to the cut 
end. (See page 821.) 

Roots, as will be shown (page 767), only grow in length 
by additions near to their extremities, and as it is at these 
parts that absorption of food almost entirely takes place, they are 
always placed in the most favourable circumstances for obtain- 
ing it because in their growth they are constantly entering new 
soil, and hence, as one portion of that soil has its nutritious 
matters extracted, another is entered which is in an unexhausted 
state. It has also been shown, by direct experiment, that when 
the roots meet with a store of nourishment in the soil, a greatly 
increased development of rootlets and fibrils takes place for its 
absorption. 

Roots can only absorb substances in a liquid state, therefore 
the different inorganic substances which are derived from the 
soil, and which form an essential part of the food of plants, 
must be previously dissolved in water. If the roots of a freely 
growing plant be placed in water in which charcoal in the most 
minute state of division has been put, as that substance is in- 
soluble in the fluid, it will remain on the surface of the roots, 
and the water alone will pass into them. 

Selection of Food by Roots . — Various experiments have been 
devised to ascertain whether the plant possesses any power 
of selecting food by its roots. Saussure proved, that when 
the roots of plants were put into mixed solutions of various 
salts, some were taken up more freely than others. He also 
found that dead or diseased roots absorbed differently to those 
in a living and healthy condition. The experiments of Dau- 
beny, Trinchinetti, and others, lead essentially to the same 
conclusions. Again, though the seeds of the common bean and 
wheat be sown in the same soil, and exposed, as far as possible, 
to the same influences in their after-growth and development, 
yet chemical analysis shows that the wheat stalk contains a 
much larger proportion of silica (which it must have obtained 
from the soil) than that of the bean. 

The experiments of Bouchardat, Vogel, and others, appear, 
on the contrary, to indicate that roots absorb all substances pre- 
sented to them indifferently, and in equal proportions. But 
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the simple fact, as just mentioned, which is easily proved by 
chemical analysis — that the ashes of different plants contain dif- 
ferent substances or in different proportions — seems to prove 
incontestably that roots have a power of selecting their food. In 
using the term selecting, we do not, however, intend to imply 
that roots have any inherent vital power of selection resembling 
animal volition, but only to express the result produced by virtue 
of the mutual actions of the root and the substances which sur- 
round it in the soil. This power or property of selection is 
without doubt due to some at present but little understood 
molecular relation which exists between the membranes of the 
cells of different plants and the substances which are taken up 
or rejected by them, different roots possessing different osmotic 
action for the same substances. It follows also, from the re- 
cognition of this action as the cause of the absorption of fluid 
matters by the plant, that poisonous substances may be taken 
up when in solution by the roots, provided their tissues are not 
injured by them in their passage ; and we find, accordingly, 
that when such substances are found in the soil, a corresponding 
effect is produced upon plants by their absorption. 

Excretion by Roots. — Roots seem to have no power of getting 
rid of excrementitious matters like that possessed by animals ; 
but that they do throw off into the soil a portion of their contents 
by a process of ex osmose, which appears to be an almost necessary 
result and accompaniment of the endosmose by which absorption 
takes place, is possible. Carbon dioxide is probably parted with 
by roots in this way. 

Storing of Nutriment by Roots. — Roots are frequently en- 
larged for the purpose of acting as reservoirs of nutriment in 
the form of starchy, gummy, and similar matters for the future 
support of the plant. The tubercules of the dahlia (Jig. 258) and 
orchis (Jigs. 256 and 257) ; and the roots of the turnip (Jig. 264), 
carrot (Jig. 262), and other biennials, are familiar illustrations. 

Development of Roots. — The growing part of the root is called 
the gro wing point ( punctum vegetationis). It is commonly spoken 
of as the apex of the root, but is not really so, since it is covered 
with a cap of cells, the jnleorhiza. (Bee page 121.) The cells 
composing it consist of primary meristem ; * they are thin walled, 
filled with protoplasm, and are capable of division. Here, as in 
stems, and unlike leaves, the last formed part is towards the 
apex ; hence the growth in length is indefinite, the difference 
between the growing part or so-called apical cell in roots and 
stems being that, in the former case, it or they (for there is 
frequently a group of apical cells) are covered by a cap of cells 

* This name is given to that kind of meristem (page 752) which forms 
the whole tissue of very young organs or parts of organs, in order to dis- 
tinguish it from another kind of meristem, which is termed secondary 
meristem , which occurs in organs along with permanent tissue , or that 
tissue in which the ceils are no' longer capable of division. 
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formed from the distal or apex end of the so-called apical cell 
/fig, 1129) ; whereas in stems there is no such cap. 

1 Fig. 1129. _ 2 ' 0p THB Stbm > 

Caulome, or As- 



cending Axis. — The 
offices performed by 
the stem and its 
ramifications are : — 
1. To form a support 
for the leaves and 
other appendages of 
the axis which have 
but a temporary ex- 
istence, and thus en- 
able them to be freely 
exposed to the in- 


Ftg. 1129. Longitudinal section through root of rteris 
hastata, showing apical region, v. Apical cell, from 
which arc developed the tissue of the substance of 
the root, o, c, and the root-cap or pileorhiza, k, l , m, n . 
(Sec page 120.) (After Sachs.) 


fluences of light and 
air, which are essen- 
tial for the proper 
performance of their 
functions and de- 


velopment ; 2. To convey air and fluid matters upwards, down- 
wards, and inwards, to the organs of respiration, assimilation, 
development, and secretion ; and 3. To act as a reservoir for 
the secretions of the plant. 

Special Functions of the different Parts of the Stem. — 1. The 
Medulla or Pith . — Various functions have at different times 
been ascribed to the pith. In the young plant, and in all cases 
when newly formed, the cells of the pith are filled with a 
greenish fluid containing nutrient substances in a state of 
solution ; but as the pith increases in age it loses its colour, be- 
comes dry, and is generally more or less destroyed. (See page 
76.) The pith, therefore, would appear to serve the temporary 
purpose of nourishing the parts which surround it when they 
are in a young state ; and in some cases it seems also to act as 
a reservoir of the secretions of the plant. 

2. The Wood . — The wood, when in a young and pervious 
condition (alburnum), is the main agent by which the crude sap 
is conveyed upwards to the external organs to be aerated and 
elaborated ; but whether the passage is primarily by the vessels 
or the prosenchymatous cells is disputed. (See pages 760, 761.) 
As the wood increases in age, and becomes heart-wood or 
duramen, the tissues of which it is composed become filled with 
deposits of various kinds, by which they are hardened and 
solidified, and in this manner the stem acquires strength and 
firmness, but the tissues are no longer physiologically active, and 
are in fact useless as carriers of sap. 

Formation of Wood . — On the outside of the young wood, 
but organically connected with it and with the liber of Dico- 
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tyledons, is the vitally active layer of cells called the cam- 
bium layer, from which are annually formed new layers of wood 
and inner bark. The cells of the cambium layer are tilled in 
the spring, and at other seasons when growth takes place, with 
elaborated sap, or that sap which contains all the materials ne- 
cessary for the development of new structures. Great differences 
of opinion exist amongst botanists as to the exact manner in 
which wood is deposited, but they are nearly all agreed that 
the materials from which it is formed are elaborated in the 
leaves, that without leaves there can be no additions to it, and 
that in proportion to their amount so will be the thickness of the 
wood. It is necessary, therefore, that the process of pruning 
timber trees should be carefully conducted, and that when planted 
they should be placed at proper intervals, in order that they may 
be freely exposed to those influences which are favourable for 
the development of their foliage. 

Herbert Spencer believes that intermittent mechanical 
strains, such as those produced by the wind, are the sole cause 
of the formation of wood, which is developed to resist the strains. 
His experiments were anticipated by Knight so far back a$ 
1803 ; but his results must be taken with modification. It is 
probably true that such a conservative formation of wood docs 
occur to meet unusual strains ; but the want of correspondence 
in nature between great exposure to such strains and large 
deposit of wood, and the numerous examples of great wood- 
formation in ligneous twiners and nailed-up trees, must prevent 
us from considering it an all-sufficient explanation. In the casts 
where no strains can have occurred, ‘ the natural selection of 
variations can have only operated ’ to form wood, according to 
Spencer. 

3. The Medullary Rays .— The functions which those rays 
perform is probably to assist the diffusion of a portion of the 
elaborated sap from the bark and cambium layer through the 
wood, in which certain of the secretions it contains are ulti- 
mately deposited. 

4. The Bark . — The bark acts as a protection to the young and 
tender parts within it. The inner part is generally believed to 
convey the elaborated sap from the leaves downwards, in order 
that new tissues may be developed, and the different secretions 
deposited in the wood and in its own substance. The bark 
frequently contains very active medicinal substances, and others 
which are useful in the arts, &c. 

Development of the Stem ( Caulome ). — The stem is developed 
from the apex or growing point (punctum vegetationis , page 767), 
where is situated the apical cell or apical groups of cells. In 
most of the Cryptogamia growth is effected by the division of a 
single apical cell (Jig. 1130), which is generally large, and divides 
into two daughter cells, one of which becomes the new apical 
cell, while the other, the segment-cell , by further division forms 
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the permanent tissue. In the stems of the higher plants, instead 
of a tingle apical cell there are generally several such cells, which 

differ from the like cells of 


Fig. 1130. 



roots in having no special cap, 
and from leaves in the fact 
that the cells last formed are 
at the apex. (See Develop- 
ment of Booh, page 767 ; and 
of the Leaves, page 783.) 

Fia. 1130. Lonpiturtiiml section tbronph 
the apical region of three primary 
shoots of Chat a frttailM. t. Apical 
cell, in which segments are formed 
by «epta, each «epn,ent being further 
divided bj a curved septum into a 
lower cell no fnrtlu i divisible, which 
developes into ail in tern ode, o, o', o'\ 
q"\ and an upper cell which pro- 
duces a node, w, «/'. and the leaves 
b , //, />". !/', which also undergo seg- 
mentation. 


3. Of the Leaves;. — The essential functions of the leaves 
are: — 1. The exhalation of the superfluous fluid of the crude 
sap in the form of watery vapour ; 2. The absorption of 
fluid matters ; 3. The absorption and exhalation of gases ; and 
4. The formation of the organic compounds which are concerned 
in the development of new tissues, and in the formation of the 
various secretions of plants. These functions they are enabled 
to perform through the influence of air and light, to which agents, 
by their position on the ascending axis of the plant, and by 
their own structure, they are necessarily, under ordinary cir- 
cumstances, freely exposed. 

1. Exhalation of Watery Vapour by Leaves . — This process, 
which is commonly termed transpiration , is considered to be some- 
what analogous to the perspiration of animals, but in reality it is 
little more than evaporation. Its immediate object and effect is, 
the thickening of the crude sap, and the consequent increase of 
solid contents in any particular portion of it. This transpiration 
of watery vaponr, as already noticed (see page 762), takes place 
almost entirely through the stomata, and hence as a general rule 
the quantity transpired will be in proportion to their number. 
The presence or absence of a true epidermis and the various 
modifications to which this is liable, have also, as already noticed 
(page 762), an important influence upon the transpiration of 
fluid matters. 

From some interesting experiments of M. Garreau on trans- 
piration of leaves, he was led to draw the following conclusions : 
— 1. The quantity of water exhaled by the upper and under 
surfaces of the leaves is usually as 1 to 2, 1 to 3, or even 1 to 5, 
or more. The quantity has no relation to the position of the 
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surfaces, for the leaves, when reversed, gave the same results as 
when in their natural position. 2. There is a correspondence 
between the quantity of water exhaled and the number of the 
stomata. 3. The transpiration of fluid takes place in greater 
quantity on the parts of the epidermis where there is least waxy 
or fatty matter, as along the line of the ribs. 

This transpiration of fluid is influenced to a great extent by 
the varying conditions of the atmosphere as to moisture and 
dryness ; thus, if two plants of the same nature are submitted 
to similar conditions, except that one is placed in a dry atmo- 
sphere, and the other in a moist, the former will give oft* more 
flviid than the latter, though, according to M‘Nab, a plant ex- 
posed to the sun will transpire most in a moist atmosphere ; 
while in the shade, an atmosphere loaded with vapour causes 
transpiration to cease. The great agent, however, which influ- 
ences transpiration is light According to De Candolle, light 
is the only agent which is capable of promoting and modifying 
transpiration. He says, 1 If we take three plants in leaf, of the 
same species, of the same size, and of the same degree of vigour, 
and place them, after weighing them carefully, in close vessels, — 
one in total darkness, the other in the diffused light of day, and 
the third in the sunshine, and prevent absorption by the roots, 
w r e shall find that the plant exposed to the sun has lost a great 
quantity of w r ater, that in common daylight a less amount, and 
that which w r as in total darkness almost nothing.’ The experi- 
ments of Henslow, Daubeny, and others, also demonstrate, in a 
most conclusive manner, the great influence of light upon trans- 
piration. Daubeny, moreover, found that the different rays of 
the solar spectrum had a varying influence, the illuminating 
rays having more effect than the heating rays. Transpiration 
has been studied by M. Weisner in three w ays 1. By com- 
paring that of green with that of bleached plants ; 2. By exposing 
plants to the solar spectrum ; 3. By placing them behind 
solutions of chlorophyll. The result of these experiments has 
been that the action of light on transpiration is greatly increased 
by the presence of chlorophyll ; that they are not the most 
luminous rays, but those which correspond to the absorption 
band of the chlorophyllian spectrum, which excite transpiration ; 
and finally, that the rays which passed through the chlorophyll 
solution exerted but little effect oil transpiration. 

Transpiration in some cases seems to depend but little upon 
whether the stomata are open or closed, though it is generally 
greater on the under surface of leaves -i.e. wdiere the stomata 
are chiefly found. In summer transpiration is more active than 
absorption, while in spring the reverse condition obtains. 

The quantity of fluid thus exhaled or transpired by the leaves 
has been the subject of various experiments. The most complete 
observations upon this point were made by Hales so long ago as 
1724. He found that a common Sunflower 3£ feet high, weighing 

3d 2 
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3 pounds, and with a surface estimated at 5,616 square inches, 
exhaled, on an average, about twenty ounces of fluid in the 
course of the day ; a Cabbage plant, with a surface of 2,736 
square inches, about nineteen ounces per day ; a Vine with a 
surface of 1,820 square inches, from five to six ounces ; and a 
Lemon tree, exposing a surface of 2,557 square inches, six 
ounces on an average in a day. If such a large amount of fluid 
be thus given off by single plants, what an almost incalculable 
quantity must be exhaled by the whole vegetation of the globe ! 
It can readily also be understood that the air of a thickly 
wooded district will be always in a damp condition, while that 
of one with scanty vegetation will be comparatively free from 
humidity : and hence it will be seen that a country, to be per- 
fectly healthy, should have the proportion of plants to a particu- 
lar area carefully considered ; for while, on the one hand, too 
many plants are generally prejudicial to health by the dampness 
they produce ; on the other, a deficiency or want of them will 
produce an equally injurious dryness. The same circumstances 
have an important bearing upon the fertility or otherwise of the 
soil, and in this way have an indirect influence upon the health 
of the inhabitants. Thus, it is a well-known fact, that as vapour 
is constantly given off by plants, rain i3 more abundant in 
those regions which are well covered with forests, than in those 
which are comparatively free from them. It is found, accord- 
ingly, that a great change may be produced in the climate of a 
country by clearing it too mucli of plants ; for while an excessive 
amount of vegetation is injurious to their healthy growth, if 
there be a great deficiency, it will become entirely barren from 
extreme dryness. By inattention to these simple but most im- 
portant facts, which clearly indicate, that open land and that 
furnished with plants should be properly proportioned the one 
to the other, many regions of the globe which were formerly 
remarkable for their fertility are now barren wastes ; and, 
in like manner, many districts, formerly noted for their salu- 
brity, have become almost, or quite, uninhabitable. 

The fluid which thus passes off by the leaves of plants is 
almost pure water. This transpiration of watery vapour must 
not be confounded with the excretion of water containing 
various saline and organic matters dissolved in it, which takes 
place in certain plants, either from the general surface of their 
leaves or from special glands. In the peculiar formed leaves 
of Dischidia , Nepenthes (Jig. 385), Sarracenia (Jig. 386), and 
Heliamphora (Jig. 387), watery excretions of this nature always 
exist. From the extremities or margins of the leaves of various 
Marantacese, Musaceoe, Araceae, Graminaceae, and other plants, 
water is also constantly excreted in drops at certain periods of 
vegetation ; but this maybe due to the great force of absorption 
in certain cases. But the most remarkable plant of this kind 
is the Caladium dutillatorium , from which half a pint of fluid 
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has been noticed to drop away during a single night, from 
orifices placed at the extremities of the leaves, and communi- 
cating freely with internal passages. 

2. Absorption of Fluids by Leaves. — Hales, Bonnet, and 
others, inferred that leaves were capable of absorbing moisture, 
though De Candolle and others subsequently asserted positively 
that such was not the case, and that leaves remainod fresh for 
some time when exposed to the influence of moisture, solely be- 
cause transpiration was hindered or arrested. The more recent 
researches of the Rev. George Henslow, however (Journal of 
Linnean Society: 6 Botany/ vol. xvii.), seem to prove con- 
clusively that both leaves and green iuternodes are capable of 
absorbing a large amount of moisture, and that probably the 
quantity absorbed is independent of the presence or absence of 
stomata. (See page 753.) 

3. Absorption and Exhalation of Gases by Leaves — We have 
already noticed (p. 705) the property possessed by the roots of 
absorbing liquid food from the medium in which they grow, and 
also their supposed power of excretion (p. 707). Whilst plants 
are thus intimately connected by their roots with the soil or 
medium in which they are placed, they have also important re- 
lations with the atmosphere by their leaves and other external 
organs, which are constantly absorbing from, or exhaling into it, 
certain gases. The atmosphere, it should be remembered, is 
brought into communication with the interior of the leaves by 
the stomata ; it indeed fills the whole intercellular structure of 
these organs much in the same way as the air fills the lungs of 
an animal, to which both in structure and function they bear some 
sort of analogy. The gases which are thus absorbed and exhaled 
by the leaves and other green organs and parts of plants have 
been proved, by a vast number and variety of experiments, to be 
essentially carbon dioxide and oxygen. The experiments of 
Boussingault would also indicate that, in some cases at least, 
carbon oxide is evolved with the free oxygen. Draper, Mulder, 
Cloez and Gratiolet, and others, likewise believe that leaves and 
other parts exhale nitrogen when exposed to sunlight. Plants, 
under certain circumstances, may also absorb nitrogen from the 
air, though it does not then serve for nutrition ; * but the in- 
vestigations of Lawes, Gilbert, Daubeny, and Pugh tend, on the 
contrary, to negative this statement. 

The amount of nitrogen found in plants is greater, however, 
than can be accounted for by the quantity of nitrogen supplied 
to the soil by rain, and is doubtless partly due to the absorption 
of ammonia from the soil, as also, probably, partly by the leaves, 
according to Sachs and Meyer, whose observations have been 
confirmed by Schlosing. 

* Except perhaps in the case of the so-called ‘carnivorous’ plants, as 
JJrostra , Dionsea , Nepenthes , &c. (See page 833.) 
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The absorption and exhalation of carbon dioxide and oxygen 
gases by the leaves vary according to the circumstances in 
which they are placed. Thus, when the green leaves (for it is 
only living chlorophyll which is capable of decomposing carbon 
dioxide) of a healthy plant are exposed to sunlight, all experi- 
ments show that carbon dioxide is absorbed from the atmo- 
sphere and decomposed, leaving its carbon, which is the result 
of the decomposition, behind, and evolving its oxygen. It is in 
this way that by far the largest proportion of carbon, which, as 
will be presently shown, forms so large a part of plants, is taken 
up by them. 

The evolution of oxygen by the green leaves and also by other 
green organs may be rea iily observed taking place in the form 
of bubbles, when a submersed aquatic plant or some freshly 
gathered leaves are placed in water exposed to the direct rays of 
the sun. No such evolution of oxygen takes place unless the 
water contains carbon dioxide, and not, therefore, in pure dis- 
tilled water, or in that which has been recently boiled. It has 
been found, also, that there is a constant relation between the 
amount of carbon dioxide absorbed and the oxygen exhaled. 
These experiments prove therefore, not only the exhalation of 
oxygen by the leaves, but also that part of it must be derived 
from the decomposition of the absorbed carbon dioxide. These 
changes do not take place in the deep-seated tissues of the plant, 
nor in the epidermal cells, but in those only immediately beneath 
the latter. This decomposition of carbon dioxide is effected by 
the influence of chlorophyll ; for when leaves are not green, as 
is the case in many parasitic plants and in those which are more 
or less blanched, they, like the other parts of a plant in a simi- 
lar condition, are incapable of assimilating, and must therefore 
procure their nutriment from materials already assimilated. 

This absorption of carbon dioxide with fixation of carbon and 
evolution of oxygen is in direct proportion to the intensity of 
the light to which the plants are exposed ; but the experiments 
of Draper, Hunt, and others, show that the different rays of the 
spectrum have a varying influence in promoting such a decom- 
position. The results obtained by Draper by exposing the 
green parts of plants to the different rays of the spectrum were, 
that no oxygen was set free by them when they were in the 
violet and indigo rays ; ’00 to *33 only when in the extreme red ; 
1 in the blue ; 4*10 in the green and blue ; 43*75 in the yellow 
and green ; and 24 75 in the red and orange. Hence he con- 
cluded, that the illuminating rays have the greatest effect in 
promoting decomposition of carbon dioxide, those nearest them 
much less so, and the heating and chemical rays none at all. 
The experiments of Cloez and Gratiolet lead substantially to 
the same conclusions. That is to say, that the rays which 
photographically are most active are almost or wholly inert in the 
decomposition of carbon dioxide and the elimination of oxygen, 
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while the so-called non-actinic rays are the most active. Some 
heat is necessary for this decomposition, and within certain 
limits it is found that a slight increase of heat will compensate 
for a corresponding diminution of active light rays. (See also 
The Effect of the Electric Liyht on the Growth of Plants , &c., 
page 828). 

Whilst the absorption of carbon dioxide and evolution of 
oxygen are thus taking place by day, it is supposed by most 
observers, that in the absence of light a contrary action occurs 
— oxygen being then absorbed, and carbon dioxide exhaled. 
At the same time, all who hold this opinion admit, that tlie 
amount of oxygen gas thus absorbed by night is very much less 
than that given off by day. Thus, the experiments of Saussure 
and Daubeny prove, that if plants be enclosed in jars containing 
ordinary atmospheric air, and bo supplied under such circum- 
stances w ith carbon dioxide, the quantity of oxygen gas in the 
contained air becomes increased. 

Some authors, such as Burnett, Carpenter, and Garreau, 
maintain that carbon dioxide is given off by the leaves in varying 
quantities, both hy day and night ; whilst others again, such as 
Pepys, Cloez, ami Gratiolet, deny that leaves, at any time 
when in a healthy state, give off carbon dioxide. 

Those, again, who hold the opinion — that leaves when ex- 
posed to solar light give off oxygen gas, in consequence of the 
absorption and decomposition of carbon dioxide, and that a 
contrary change takes place hy night —maintain different views 
upon the nature of these changes. Some of them regard the 
evolution of oxygen by day as a true readable respiration, and 
hence look upon vegetable respiration as producing results upon 
the atmosphere we breathe diametrically opposite to those 
of animal respiration. Others, such as Molil and Henfrey, 
say that hero we have two distinct functions going on, — one, 
taking phi.ee by day, and consisting in the consumption of 
carbon dioxide, with fixation of carbon and evolution of oxygen ; 
and another , only occurring by night, in the leaves and other 
green parts, but also by night and day in those not green, and 
which consist in the absorption of oxygen and evolution of car- 
bon dioxide. The former function they regard as a process of 
assimilation , and the latter as respiration. Mr. J. Broughton 
has more recently demonstrated a constant evolution of carbon 
dioxide from nearly all parts of growing plants, and considers 
that this gas, though partly due to previous oxidation, is mainly 
separated from the proximate principles during chemical changes. 

Those who maintain Burnett’s views regard the constant 
exhalation of carbon dioxide by day and night, as constituting 
vegetable respiration ; and the exhalation of oxygen by day, as 
connected with assimilation ; while the supporters of Pepys* 
views regard the exhalation of oxygen gas as vegetable respira- 
tion. Pepys says that oxygen is given off by the leaves both 
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by night and day, but in a greatly accelerated degree during 
the day ; by most observers, however, no evolution of oxygen has 
been traced at night. 

It will be seen from the above abstract of the opinions of dif- 
ferent physiologists, that various ideas are entertained by them 
as to the action of the leaves and other green organs under dif- 
ferent degrees of light ; and also upon the character of such 
changes. Generally, it may be stated, — that all agree as to the 
evolution of oxygen by the leaves and other green parts of 
plants under the influence of solar light with the fixation of 
carbon, to which process the term assimilation is applied in this 
volume in accordance with the views now almost universally 
entertained by botanists ; while that of respiration is here used 
to denote the absorption of oxygen and evolution of carbon 
dioxide, which takes place principally at night. Respiration is 
found to take place to a small extent by day also even in 
chlorophyll-bearing plants. (See page 822.) In certain plants 
the sun’s light appears to be stored up in some unknown way 
for future use, so that we find some aquatic plants after ex- 
posure to its influence disengage bubbles of oxygen in the dark. 

Whatever views we may entertain, all admit that this evolu- 
tion of oxygen gas by day has a most important influence in 
Nature. This will be at once evident when it is remembered 
that it is the only known process by which oxygen gas, — so 
essential to our existence, and which is constantly being re- 
moved from the atmosphere we breathe, by the respiration 
of man and other animals, by the process of combustion, by 
oxidation of mineral matter, and by other processes that are 
constantly going on upon the globe,— is restored to it in a free 
condition. Thus we see that, ‘ the two great organised king- 
doms of nature are made to co-operate in the execution of the 
same design ; each ministering to the other, and preserving that 
due balance in the constitution of the atmosphere w r hich adapts 
it to the welfare and activity of every order of beings, and which 
would soon be destroyed were the operations of either of them 
to be suspended. It is impossible to contemplate so special an 
adjustment of opposite effects without; admiring this beautiful 
dispensation of Providence, extending over so vast a scale of 
being, and demonstrating the unity of plan upon which the whole 
system of organised creation has been devised.’ 

In a like manner, plants purify the water in which they grow, 
and render it habitable by animals. We all know by early 
experience, that if fish or other aquatic animals be placed in 
water in which no plants are grown, they will soon perish. This 
is the case, because, as there is then nothing present in the 
water to destroy the noxious matters which are given off by the 
animals in their respiration and other processes, — they are de- 
stroyed by their own action upon the medium in which they are 
placed. In nature, we always find plants existing with animal 
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life in the water, so that the injurious influence communicated 
by the latter to that medium is counteracted by the assimilation 
of the former : this compensating influence of plants and animals 
is beautifully illustrated in our aquaria. We are taught by 
these facts that it is absolutely necessary, if we desire to main- 
tain a large town in a healthy state, to set apart large areas and 
plant them freely. 

How far our views regarding the purifying influence of plants 
may require modification by the discovery of Boussingault of the 
evolution of a certain proportion of such a poisonous gas as car- 
bon oxide, together with oxygen, it is at present impossible 
to say ; but the subject is one of the very greatest importance, 
and cannot but repay further careful investigation. Boussingault 
has even thrown out a suggestion, that in some cases, so 
far from plants purifying the air, they may, on the con- 
trary, cause the atmosphere of marshy districts, where they 
are m excess, to be unhealthy. It is also probable that one 
cause of the unhealthiness of densely wooded districts may be 
due to the evolution of carbon oxide. With reference to 
the above conclusions of Boussingault, it may be remarked, 
that his experiments were solely made by putting plants or the 
green parts of plants in water previously impregnated with car- 
bon dioxide. The conditions, therefore, under which carbon 
oxide was formed were not altogether natural ones ; and lienee 
it is desirable that future experimenters should test plants grow- 
ing in the air as well as in water, and in every respect in as 
nearly as possible their ordinary states of existence. 

There exists a wddely-spread notion, that plants, when grown 
in rooms where there is but little ventilation, and hence, 
especially in our sleeping apartments, have an injurious influence 
upon the contained air. This idea has arisen from a knowledge 
of the fact that plants, as already noticed, when not exposed to 
solar light, have a contrary effect upon the atmos])here to that 
which they have when submitted to its influence ; that is to say, 
that they then absorb oxygen and give off carbon dioxide, in- 
stead of absorbing carbon dioxide and giving off oxygen. But 
the amount of carbon dioxide which is then given off by plants 
is so extremely small, that it can have no sensible effect upon 
the atmosphere in which they are placed. It might be readily 
shown that it would require some thousands of plants, in this 
way, to vitiate the air of a room to anything like the extent 
of that of a single animal, and that, therefore, the idea of a 
few plants rendering the air of close rooms unwholesome by 
their action, is altogether erroneous. It is certain, however, 
that under such circumstances, the odours of plants may affect 
injuriously, to some extent at least, individuals of delicate 
organisation or peculiar idiosyncracies. 

4. Formation of Organic Compounds by Leaves . — By the 
alterations produced in the watery contents of the green leaves. 
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&c., by exposure to air and light, the matters which they 
contain are left in a very active chemical condition or in a state 
prone to change, and therefore freely combine together. By this 
means the different organic compounds are produced which are 
concerned in the development of new tissues ; and in the for- 
mation of others, such as resinous matters, various acids, 
numerous alkaloids, colouring matters, &c., which, so far as 
we know at present, perform no further active part in the 
plant, and are accordingly removed from the young and vitally 
active parts, and either stowed up in the older tissues as secretion s, 
or removed altogether from the plant as excretions. (See page 
7G7.) The production of these organic substances is commonly 
termed assimilation and metastasis. (See page 822.) We see, 
therefore, that without leaves or other analogous green organs 
no growth to any extent could take place, or any peculiar 
secretions be formed ; but it must be also recollected that 
without the exposure of even the leaves to light, no proper 
assimilation of the various matters taken up by the plant can be 
effected ; for instance, if a plant be put into the dark, it becomes 
blanched {etiolated), in consequence of the 11011 -development of 
chlorophyll, and, moreover, 110 woody matter is then formed 
(page 707), and but few' of its peculiar secretions. The effect of 
the absence of light upon plants is well shown w r hen a potato 
tuber sprouts in the dark, in which case the whole of the tissues 
formed are seen to become etiolated, and ultimately to die ; or 
when potatoes are reared with a diminished supply of light, as 
in an orchard, or under trees, when the tubers are found to be 
watery in consequence of the small quantity of starch then pro- 
duced. Another illustration of the effect produced by the 
absence of light is afforded in growing certain vegetables for the 
table, such as Sea-Kale, Celery, Arc. In these instances, when 
the plants are grown freely exposed to light, as in their natural 
conditions, they form abundance of woody matter, w hich renders 
them tough or stringy ; and also peculiar secretions, which are 
either unpleasant to the taste or absolutely injurious. But the 
formation of these secretions and also of the woody matter is 
interfered w r ith when the access of light is more or less prevented, 
and the plants then become useful vegetables. 

How r such a vast variety of compound substances can be 
formed in such simply organised bodies as plants, is at present 
almost unknown. It is to the combined labours of the chemist 
and physiologist that we must look for the elucidation of this 
important matter ; but as it is not our purpose to allude to 
the various theories that have been entertained upon their for- 
mation and nature, we must refer the student to chemical works 
for full details upon this subject. It is, however, certain that 
the elimination of oxygen and carbon dioxide, already described, 
are results of these chemical processes. The food of plants is 
Jrighly oxygenated as compared with most of the important 
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proximate principles formed within their leaf-cells, and hence a 
disengagement of oxygen must occur during their formation. 

5. Effects of Gases generally upon Leaves . — In the last section 
we have seen, that the ordinary normal constituents of atmo- 
spheric air, namely, carbon dioxide, oxygen, nitrogen, and am- 
monia, in certain proportions, are those which are especially 
necessary for the due elaboration of the various products and 
secretions of plants, and these we have also shown are ab- 
sorbed by the leaves or roots. It is by leaves especially that 
carbon, which is so essential to plants, and which enters so largely 
into the composition of its various products and secretions, is 
absorbed. But it must be understood, at the same time, that 
plants will not live in an atmosphere composed simply of either 
carbon dioxide, oxygen, or nitrogen ; but that for their proper de- 
velopment, these gases must be mixed in suitable proportions ; for 
if either of them be in great excess, the plants will either languish 
or perish, according to circumstances. Plants will, however, 
flourish in an atmosphere containing a moderate addition of car- 
bon dioxide, even more vigorously than in ordinary atmospheric 
air ; but if the amount be considerably increased, they will 
perish. This injurious effect of carbon dioxide, when in excessive 
quantities, would seem to he owing to a directly poisonous 
influence. When plants are placed in pure nitrogen or oxygen, 
or under any other circumstances where they cannot obtain a 
suitable supply of carbon dioxide, they soon decay. 

Whilst the above gases in suitable proportions arc necessary 
to the due performance of the proper functions of plants, all other 
gases when mixed in the air m which they are placed, appear to 
act more or less injuriously upon them. This is more particularly 
the case with sulphurous acid and hydrochloric acid gases, even in 
small quantities ; but an atmosphere containing much ammonia, 
common coal gas, cyanogen, <Src., also acts prejudicially. 

The action of sulphurous and hydrochloric acid gases upon 
plants appears to resemble that of irritants upon animals, thus they 
first exert a local action upon the extremities of the leaves, and 
this influence is soon communicated to the deeper tissues, and if 
the plants be not removed into a purer air, they will perish ; but 
when such gases are not in great quantities, if the plants are 
speedily removed from their influence, they usually revive, the 
parts attacked being alone permanently injured. 

While the gases thus mentioned act as irritant poisons upon 
plants, sulphuretted hydrogen, carbon oxide, common coal gas, 
cyanogen, and others, seem to exert an influence upon them like 
that produced by narcotic poisons upon animals, for by their 
action a general injurious influence is produced on their vitality, 
and a drooping of the leaves, &e., takes place ; and, moreover, 
when such is the case, no after removal into a purer air will 
cause them to revive. 

As the above gases are constantly present in the air of large 
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towns, and more especially in those where chemical processes on 
a large scale are going on, we have at once an explanation of the 
reason why plants submitted to such influences will not thrive. 
The air of an ordinary sitting room, and especially one where 
gas is burned, is also rendered more or less unsuitable to the 
healthy growth of plants, in consequence of the production of 
injurious gases as well as from the dryness of the atmosphere. 

JVardian Oases. — In order to protect plants from the injurious 
influences thus exerted upon them by the soot and air of large 
towns, the late Mr. N. B. Ward introduced the plan of growing 
them under closed glass cases which has been found to succeed 
so admirably. These cases consist simply of a box or trough 
in which a suitable soil is placed ; in this the plants are put, 
and the whole is then covered by a closely fitting glass case. 
It is necessary, at first, to water the plants freely. When plants 
are grown under such circumstances, upon exposure to light and 
air, transpiration takes place from their leaves, as under ordinary 
conditions of growth ; the fluid thus transpired is, however, here 
condensed upon the surface of the glass case which encloses the 
plants, and ultimately returned to the soil. It is thus brought 
into contact again with the roots of the plants, to be again 
absorbed and exhaled by them ; and these changes are con- 
tinually repeated, so that the plants are always freely exposed 
to moisture, and do not require a further supply of water for 
a considerable period. Those plants, especially, which succeed 
best in a damp atmosphere, as is commonly the case with Ferns, 
do exceedingly well in such cases. The important influ- 
ence which is exerted by the invention is, the protection of 
the plants from immediate contact with the air impregnated 
with soot and other injurious substances ; for in consequence of 
the glass cover fitting closely to the trough in which the plants 
are placed, the external air in its passage has to pass through 
the very narrow crevices beneath the cover, and in so doing 
becomes filtered, as it were, in a great measure, from its impu- 
rities, before it is brought into contact with them. 

Besides the use of these cases in growing plants luxuriantly, 
in those places where, under ordinary circumstances, they would 
perish, or at all events grow but languidly, they have a still more 
important application, for they have now been most successfully 
employed in transporting plants from one country to another, 
which under ordinary circumstances would have died in their 
transit; and whose seeds could not have been transported without 
losing their vitality. The action of the Wardian cases in this mode 
of transporting plants is twofold : in the first place, the plants are 
protected from the influence of salt breezes, which are in most 
instances very injurious to them ; and, secondly, the atmo- 
sphere of such cases remains in a quiet state, and they are, there- 
fore, also protected from rapid changes of temperature. 

6. Colour of Leaves . — The green colour of leaves is due to 
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chlorophyll contained in the cells situated beneath the epidermis. 
Chlorophyll, as already noticed (see page 778), may be formed in 
the dark, but remains yellow, only becoming green under the 
influence of light, and hence the leaves and other parts of plants 
grown in darkness are blanched or etiolated (p. 778). To this 
rule there are some notable exceptions — viz., the germinating 
seeds of many Coniferse and the fronds of Ferns, which will 
become green even in total darkness, provided that the tem- 
perature is sufficiently high. If plants with green leaves be 
withdrawn from the action of li^ht, and be placed in the dark, 
these leaves soon fall ; and if others are produced, they have a 
whitish or yellowish colour. Again, if plants which have been 
grown in the dark be removed to the light, the leaves upon 
them soon lose their whitish hue and become green. The 
rapidity with which leaves become green, and the intensity of 
their colour, will be in proportion to the amount of light and 
heat (25° -30° 0. being about the maximum) to which they have 
been exposed. (See also The Effect of the Electric Light on the 
Growth of Plants, &e., page 828.) 

The different rays of the spectrum have a varying influence 
in promoting the formation of chlorophyll. Some difference 
of opinion exists as to those rays which are most active in 
this respect, but the majority of experimenters agree, that the 
illuminating or yellow rays, namely, those which, as we have 
already seen (page 774), have the greatest effect in promoting the 
decomposition of carbon dioxide, are those also which are the 
most active in the production of chlorophyll. 

M. Fre'my has investigated the nature of chlorophyll, and 
ascertained that it is composed of two colouring principles, — 
one a yellow, which he has termed phylloxanthin ; and the other 
a blue, which he has called phyllocyanin. Both these principles 
have been isolated by M. Frdiny, who has also endeavoured to 
show that the yellow colour of etiolated and very young leaves is 
due to the presence of a body which he has termed phyllo- 
xanthem , and which is coloured blue by the vapour of acids. The 
same principle results from the decoloration of phyllocyanin ; 
hence it would seem that phyllocyanin is not an immediate 
principle, but that it is formed by the alteration of phyllo* 
xanth&n. The experiments of M. Filhol do not, however, 
altogether correspond with those of M. Fr^rny, whilst the more 
recent spectroscopic investigations of Professor Stokes and 
H. L. Smith tend to show that chlorophyll is more complex than 
M. Fr6my imagined. 

Chlorophyll is stated by Sorby to exist in a blue and also 
in a yellow state, giving different effects with the spectroscope. 
ChUyrofucin is another colouring matter, which, like the two 
preceding, is fluorescent, and has a yellow-green colour. These 
three are soluble in alcohol, but not at all in water, and not 
always in bisulphide of carbon. Sorby also describes other 
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colouring matters which are soluble in bisulphide of carbon, and 
give different results to the foregoing with the spectroscope. 

The autumnal tints of leaves, which are generally some 
shades of yellow, brown, or red, are commonly regarded as due 
to varying degrees of oxidation of the chlorophyll which their 
cells contain, to which change Henfrey applied the term ‘ decay 
of chlorophyll . 1 The experiments of M. Frdmy show that the 
yellow leaves of autumn contain no phyllocyanin, and hence 
that their colour is entirely due to the phylloxanthin, either in 
its original condition or in an altered state. Strong light may 
produce a fading of leaves and other green parts, which change 
appears to be due to an alteration in the position of the grains 
of chlorophyll in the cells, and is termed ep'istrophe or apostrophe 
as the case may be. 

When leaves are of some other colour than green, the different 
colours are produced either by an alteration of the chlorophyll or 
of one of the principles of which it is formed, or in consequence 
of the presence of some other colouring agent. 

Variegation in leaves must be regarded as a diseased condi- 
tion of the cells of which they are composed ; it is commonly 
produced by hybridisation, grafting, differences of climate, soil, 
and other influences. The variegated tints are due either to the 
presence of air in some of the cells, or more commonly to an 
alteration of the chlorophyll of certain cells, or one of the 
substances of which chlorophyll is composed. (See also Colour 
of Flowers, p. 780.) 

7. Defoliation , or the Fall of the Leaf . — Leaves are essentially 
temporary organs ; for after a certain period, which varies in 
different plants, they either gradually wither upon the stem, 
as is usual in Monocotyledon ous and Acotvledonous plants (see 
page 174), and also in some Dicotyledonous ones (page 174) ; or 
they separate from the stem by means of an articulation when 
they have performed their active functions, or even sometimes 
when quite green. In the former case, as we have seen, the 
leaves are non-articulated ; in the latter articulated. In the 
trees of this and other temperate climates the leaves commonly 
fall off the same year in which they are developed, that is, 
before the winter months ; and in those of warm and tropical 
regions the fall of the leaf often takes place at the dry season. 
But the leaves of some other plants, such as Firs and Pines, 
generally remain for two or more years. In the former case 
they are said to be annual or deciduous, and in the latter 
persistent or evergreen. The fall of the leaf is commonly termed 
defoliation. 

The cause or causes which lead to the death of the leaf are by 
no means well understood. The opinion commonly entertained 
is this : the membrane constituting the walls of their cells gra- 
dually becomes so encrusted by the deposit of earthy matters 
whiuh are left behind by the fluid substances which are contained 
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in or transmitted through them, that ultimately the tissues of the 
leaf become choked up and are no longer able to perform their 
proper functions, and the leaf then begins to dry up. After its 
death the leaf uiay either fall, or remain attached to the stem, 
as already observed. 

The fall of the leaf does not, then, depend upon the death 
of the organ ; it may occur before death, or may not take place 
at all. When it happens, it is dependent on an organic sepa- 
ration or articulation which Asa Gray thus describes : — ‘ The 
formation of the articulation is a vital process, a kind of disin- 
tegration of a transverse layer of cells, which cuts off the petiole 
by a regular line, in a perfectlv uniform manner in each species, 
leaving a clean scar (fig. 203, b , b) at the insertion. The 
solution of continuity begins at the epidermis, where a faint 
line marks the position of the future joint while the leaf is 
still young and vigorous • later, the line of demarcation be- 
comes well marked, internally as well as externally ; the disin- 
tegrating process advances from without inwards until it reaches 
the woody bundles ; and the side next the stem, which is to 
form the surface of the scar, lias a layer of cells condensed into 
what appears like a prolongation of the epidermis, so that when 
the leaf separates,’ as Inman says, ‘ the tree does not suffer 
from the effect of an open wound.’ Gray then, quoting Inman, 
adds : — ‘ The provision for the separation being once complete, 
it requires little to effect it ; a desiccation of one side of the 
leaf-stalk, by causing an effort of torsion, will readily break 
through the small remains of the tibro-vascular bundles ; or the 
increased size of the coming leaf-bud will snap them ; or, if these 
causes are not in operation, a gust of wind, a heavy shower, or 
even the simple weight of the lamina, will be enough to disrupt 
the small connections and send the suicidal member to the 
grave. Such is the history of the fall of the leaf. ’ 

8. Development of Leaven or Phyllomen. — Leaves and all their 
metamorphosed forms, such as the parts of flowers, Arc. are de- 
veloped laterally just below the apex of the stem by cell-division 
either of a group of cells as in the Phanerogamia, or of a single 
cell as in the Vascular Cryptogamia. A conical papilla or (in 
sheathing leaves) an annular collar is then the result of a deflec- 
tion to one side of a group of these divided cells. Leaves are 
formed acropetally or indefinitely, the youngest always being 
the highest, according to the laws of Phyllotaxy. i The papillae 
from which the leaves originate are at first wholly cellular, 
consisting of periblem or protomeristein (see page 707), covered 
by a layer of dermatogen cells ; after a time elongated cells are 
formed in the centre ; and these are followed by spiral vessels, 
formed in a direction from the base upwards.’ The first formed 
part of the leaf generally corresponds with its apex or with the 
summit of the common petiole — i.e. the apex of a leaf is gene- 
rally its oldest instead of its youngest pail as is the case with the 
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stems where the apex is the growing point. (See page 770.) In 
leaves the apical growth soon ceases, though interstitial growth 
continues. 

The following is an abstract of Trdcul’s conclusions ; — 

4 All leaves originate in a primary cellular mammilla, with or 
without a basal swelling, according as they are to have sheaths 
or not; they are developed after four principal types: 1, the 
centrifugal formation, from below upwards ; 2, the centripetal 
formation, from above downwards ; 3, the mixed formation ; and, 
4, the parallel formation. The centrifugal or basifugal develop- 
ment may be illustrated by the leaf of the Lime-tree which begins 
as a simple tumour at the apex of the stem. This tumour 
lengthens and enlarges, leaving at its base a contraction which 
represents the petiole. The blade, at first entire, is soon 
divided from side to side by a sinus. The lower lobe is the first 
secondary vein. The upper lobe is divided in the same manner five 
or six times, forming as many secondary veins. Sinuosities then 
appear in the lower lobe, indicating the ramifications of the lower 
vein ; and, finally, fresh toothings appear corresponding with 
more minute ramifications. Thus the various veins in the leaf 
of the Lime-tree are developed like the shoots of the tree that 
bears them, and the toothing does not arise from cells specially 
adapted for that purpose on the edge of the leaf, as Mercklin 
has supposed. The hairs on the under surface of the leaf are 
also formed from below upwards. 

‘ Leaves developed centripetaUy (called also the basilar or 
basipetal mode of leaf formation) are more numerous than the 
preceding, and this method may be well studied in the formation 
of the leaves of the Hyacinth ; of this sort are the leaves of 
Sanguisorba officinaUs, Ilosa arvensis, Cephalaria procera, &c. 
In them the terminal leaflet is first produced, and the others 
appear in successive pairs downwards from apex to base. The 
stipules are firoducod before the lower leaflets. All digitate 
leaves, and those with radiating venation, belong to the centri- 
petal mode of formation as regards their digitate venation. 

i In some plants, as Acer, the two preceding modes of develop- 
ment are combined. This is called mi xed formation. In Acer 
platanoides the lobes and the midribs of the radiating lobes form 
from above downwards, the lower lobes being produced last, but 
the secondary venations and toothings are developed like those 
of the Lime-tree. Tn Monocotvledons we meet with the parallel 
(included by some writers with the basilar) leaf formation of 
Tr4cul. All the veins are formed in a parallel manner, the 
sheath appearing first. The leaf lengthens especially by the 
base of the blade, or that of the petiole when present. 

i Leaves furnished with sheaths, or having their lower por- 
tions protected by other organs, grow most by their base ; while 
those which have the whole petiole early exposed to the air grow 
much more towards the upper part of the petiole/ 
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Section 3. Physiology of the Organs of Reproduction. 

Having now briefly alluded to the special functions of the 
elementary structures, and of the organs of nutrition, we proceed, 
in the next place, to treat of the special functions of the organs of 
reproduction ; but those who may desire to complete the account 
of the nutritive functions may pass at once to Chapter 2 
(page 812), which treats of the General Physiology of the Plant. 

1. Functions of Bkacts and Floral Envelopes. — One of 
the principal offices performed by these organs is, to protect the 
young and tender parts placed within them from injury. When 
green, as is commonly the case with the bracts and sepals, their 
colour is due to the presence of chlorophyll in their component 
cells, and they then perform the same functions as ordinary 
leaves. But when of other colours than green, as is usual with 
the petals, and occasionally with the bracts and sepals, they 
appear to have, in conjunction with the thalamus, a special func- 
tion to perform ; which consists in the production of a saccharine 
substance from the amylaceous matter stored up in them. This 
saccharine matter is designed more especially for the nourish- 
ment of the essential organs of reproduction. That such is the 
function of these parts seems to be proved by the varying com- 
position of the thalamus at different periods of the flowering 
stage. Thus, at the period of the opening of the flower, the 
thalamus is dry and its cells are tilled with amylaceous matters ; 
as flowering proceeds, these matters become converted into 
saccharine substances ; and, finally, after floweiing, the thalamus 
dries up. In fact a similar change takes place in the process of 
flowering to that which occurs in germination, where the amyla- 
ceous matters are in like manner converted into those of a 
saccharine nature. When the saccharine matter is in excess, 
during the process of flowering, it is found upon the parts in a 
liquid state, and may be removed without the flower suffering. 

During this conversion of amylaceous into saccharine matters, 
oxygen is absorbed in great quantities from the atmosphere, and 
carbon dioxide given off in a corresponding degree. Hence, the 
action of the parts of the flower which are of other colours than 
green, upon the surrounding air under the influence of solar 
light, differs from that of the leaves and other green organs. 
The absorption of oxygen takes place in a still greater degree in 
the essential organs of reproduction ; hence, such an effect is 
more evident in perfect flowers, than in those in which the 
stamens and carpels have been more or less changed into petals 
— that is, when the flowers have become partially or wholly 
double. It has been proved, also, that staminate flowers absorb 
more oxygen than pistillate ones. 

The combination which under the above circumstances takes 
place between the carbon of the flower and the oxygen of the air, 
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is also attended by an evolution of heat, which indeed is always 
the case where active chemical combination is going on. This 
evolution of heat in the majority of flowers is not observable, 
because it is immediately carried off by the surrounding air ; 
but in those plants where many flowers are crowded together, and 
more especially when they are surrounded by such a leafy struc- 
ture as a spathe, which confines the evolved heat, it may be 
readily noticed. The flowers of the male cone of Cycas circi- 
nalis, those of the Victoria regia , of several Cacti, and of many 
Aracese, present us with the most marked illustrations of this 
evolution of heat. 

That the heat thus evolved is dependent upon the combina- 
tion of the oxygen of the air with the carbon of the flower was 
conclusively proved by the experiments of Yrolik and De Vriese ; 
for they showed that the evolution of heat by the spadix of an 
Arum was much greater when it was placed in oxygen gas than 
in ordinary atmospheric air, and that when introduced into 
carbon dioxide or nitrogen gases it ceased altogether. 

Colour of Flowers. — All the colours of flowers otherwise than 
green depend on bodies the nature of which is very imperfectly 
known, though spectroscopic analysis has done something towards 
grouping them into series. The changes in colour which many 
corollas undergo are supposed to depend on the oxidation of these 
bodies. Most of the Boraginaceas pass from pink to blue, from 
their first expansion, till they are fully open ; the garden Convol- 
vulus changes from pink to a fine purple in the same period. 
Cultivation will effect great changes in this respect, but there is 
a limit to its influence. The Dahlia and Tulip are naturally 
yellow, and under cultivation may be made to assume all shades 
of red, orange, and white, but no tint of blue ; Geraniums and 
the Hydrangea will take on various shades of blue, purple, red, 
and white, but never a yellow. These facts led De Candolle to 
divide flowers in this aspect into two series — a xanthic which has 
yellow for its base, and a cyanic which has blue — either of which 
can be made red or white, but will not assume the basic colour of 
the other. There seem to be a few exceptions to this rule ; e.g. 
Myosotis versicolor changes from yellow in the bud to blue in the 
open corolla, and the Hyacinth is not unfrequently a pale yellow. 

Development of the Floral Envelopes. — The manner in which 
the floral envelopes are developed may be shortly summed up as 
follows : — 

They are subject to the same laws of development as the usual 
foliage leaves, and make their first appearance as little cellular 
processes, which grow by additions to their base or points of 
attachment to the axis. 

The calyx is always developed before the corolla. 

When a calyx is polysepalous, or a corolla polypetalous, the 
component sepals or petals make their first appearance in the 
form of little distinct papillae or tumours, the number of which 
Corresponds to the separate parts of the future calyx or corolla. 
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When a calyx is monosepalous, or a corolla monopetalous, the 
first appearance of these organs is in the form of a little ring, 
which ultimately becomes the tube of the calyx or corolla, as 
the case may be. When these present lobes or tooth, as they 
more commonly do, they arise as little projections on the top of 
the ring, the number of which corresponds to the future divisions 
of the calyx or corolla. 

All irregular calyces or corollas are regular at their first 
formation, the cellular papillae from which they arise being all 
equal in size ; hence all irregularity is produced by unequal 
subsequent growth. 

2. Functions of the Essential Organs of Reproduction. 
— Sexuality of Plants. — Though vaguely suspected by the ancients, 
the true sexuality of plants was not definitively ascertained till 
1676, in which year Sir T. Millington, of Oxford, determined the 
real nature of the stamens. The stamens of flowering plants, as 
has been already repeatedly stated, constitute the male apparatus, 
and the carpels the female. That the influence of the pollen is 
necessary to the formation of perfect seed is positively established. 

While the presence of distinct sexes may thus be shown in 
flowering plants, both of which are necessary for the formation 
of perfect seed, flowerless plants, in like manner, possess certain 
organs the functions of which are undoubtedly sexual. It is 
quite true that the existence of sexuality has not been absolutely 
demonstrated in all the Cryptogamia ; but as it is known to exist 
in the greater number, we may fairly conclude from analogy that 
it is present in all. 

We have already, as fully as our space will admit, described 
the structure of the reproductive organs of both Phanerogamous 
and Cryptogamous plants ; we now proceed to give a general 
summary of the more important conclusions which have been 
arrived at as regards the process of reproduction in the several 
divisions of plants, and in doing so we shall commence with 
the Cryptogamia. 

1. Reproduction of Cryptogamous or Acotyledonous 
Plants. — In describing the structure of the reproductive organs 
of these plants (see pp. 355-380), we treated of them in two 
divisions, called, respectively, Cormophytes and Thallophytes, 
each of which was again subdivided into several natural orders. 
We shall follow the same arrangement in describing their modes 
of reproduction, except that we shall here commence with the 
Thallophytes, and proceed upwards to those plants of a more 
complicated nature, instead of alluding to them, as we then did, 
in the inverse order. 

A. Reproduction of Thallophytes . — The sexuality of all Thallo- 
phytes has not been absolutely proved, but only concluded from 
analogy. Sexes have been clearly shown to exist in Algae, Cha- 
raceae, Fungi, and Lichens. Oersted, indeed, has described the 
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impregnation of oogonia on the mycelium of Agaricus ; but recent 
observers have failed to verify his assertions, and it is most 
probable that the reproduction of Agaricus is asexual. The 
process of reproduction in the Fungi and Lichens has already 
been sufficiently noticed (see pages 369-380) ; but the Algo 
and Characeae require further explanation. 

1. Reproduction of Algae. — The reproduction of Algae takes 
place in the following ways ; namely, by division , free-cell for- 
mation , conjugation , and by the direct impregnation of naked 
spores or germ corpuscles by ciliated antherozoids or sj)ermatozoids. 
Each process is also liable to modifications. 

a. Conjugation. — This process has been noticed in the Algae, 
as Diatoms, Desmids, Spirogyra, Ac. (See page 384, figs. 850 and 
851.) It consists in the union of the contents of the cells of two 
filaments (fig. 851), and the formation of a germinating spore 
by their mutual action. No difference can be detected in the 
structure of the conjugating cells. 

Two methods of conjugation may be noticed among the 
Alsrse. In the first mode, a* seen in Desmidiese, Arc. (fig. 1114), 
two individuals, each of which is composed of a single cell, ap- 
proach each other, the external cellulose membranes bounding 
their respective eel’s then burst, and the contents of the two 
issue from the orifices thus produced, intermingle in the inter- 
vening space, and form ultimately, by their mutual action, a 
rounded body (fig. 1114), called a zygospore , resting , or i n- 
actiei spore, which ultimately germinates. The contents of the 
spore are green and granular at first, but ultimately become 
brown, yellow, or reddish. These resting spores are furnished 
with a coat of cellulose which in some cases divides into two 
layers, the exospore and cndosjtore ; they are sometimes called 
{sporangia, because they ultimately produce two or more germs 
in their interior, and are not therefore simple spores. 

In the other mode of conjugation, which occurs in Zugnema 
and Spirogyra (figs. 850 and 851), the cells of two filaments 
develope on their adjoining sides a small tubular process ; these 
ultimately meet and adhere, and the intervening septum existing 
at the point of contact becoming absorbed, the two cells freely 
communicate. The contents of the cells then contract into a 
mass, and ultimately combine together, either by the passage of 
the contents of one cell into the other, or by the mixture of the 
contents of the two cells in the tubular process between them. 
Under either circumstance, the mixture of the contents of the 
two cells results in the formation of a zygospore or resting spore 
(oospore), which ultimately germinates and becomes an individual 
resembling its parents. 

b. Impregnation of naked spores or germ-corpuscles by ciliated 
antlierozoids or spermatozoids. — There appear to be two forms of 
this fecundation : thus, in certain Algae, as Vaucberia , the fecun- 
dation takes place before the spore has separated from its parent 
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Fig. 1131. 


(see pago 385, fig. 852), and in others, after both the spore and 
ciliated antherozoids or spemiatozoids have been discharged, as 
mFuma. (See page 387, Jigs. 852-856.) ® 

2. Reproduction of Char ace le or Charas . — In those plants we 
have two kinds of reproductive or- 
gans, called, respectively, the globule 
(Jigs. 844, < 7 , and 84(>), and the nucule 
(Jigs. 844, 847 , and 848) : the former 
is regarded as the mule, and the latter 
as the female. Fecundation takes 
place by the passage of the spiral 
sperm atozoids of the globule (fig. 

845) down the canal which extends 
from the apex of the nucule (figs. 

847 , a, and 848) to the central cell 
of the same structure, which then 
becomes fertilised. No free spore is, 
however, produced, but the nucule 
drops off, and after a certain period 
germinates, though the sexual leaf- 
forming plant is not directly de- 
veloped, but is preceded by a pro- 
embryo , which has, however, only a 
limited growth, and from it are pro- 
duced at one part the rhizoids (rootlets) 
and further on, as a sort of lateral 
branch, the Chum proper (fig. 1481). 

In Nitella the production of a pro- 
embryo has not been definitely ob- 
served, and here the new plant seems 
to be formed at once from the detached 
nucule. 

B. Reproduction of Cormophytes . — 

Of the sexual nature of the plants in 
most orders of this sub-division of 
the Cryptogamia there can be no 
doubt. The sexual organs in all are 
also of an analogous character, and 
are of two kinds, one termed an an- 
ther idium, which contains spirally 
wound ciliated antherozoids or sper- 
matozoids, and is regarded as the 
male organ ; and the other, called 
an archegonium or pistillidinm, con- 
taining an embryonal cell or germ- 
cell, which is the female organ. 

Fecundation is supposed to be ef- 
fected by the contact of a spermatozoid with an embryonal 
cell or germ-cell. We have already described the structure of 



Fit/. 1131. Pro-embryo of Char a 
frag ills. sp. lx«i mum hjik bjiuic. 
7, d, 7, pi. The pro embryo. 
At d ere the rhizoids, w. w'. 
Primary root. <j. First leaves of 
the second generation, or Chara 
proj)er. (After Pringeheim.) 
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the reproductive organs of Cormophytes (pages 356-359), both 
before and after fertilisation ; it will be only necessary, therefore, 
in the present place, to say a few words upon the mode in which 
fertilisation is supposed to take place in the different natural 
orders included in this division of the Cryptogainia, which are 
here, however, arranged in the inverse order to that in which 
they were formerly described. 

1. j Hepaticacea’ or Liverworts. — The two reproductive organs of 
this order closely resemble those of the Mosses. They are termed 
anther idia (figs. 820 and 821) and archegonia or pistillidia (figs. 

822 and 823), the former repre- 
Fig. 1 182. senting the male sex, and the 

a latter the female. When the 

/]\ antlieridium bursts (fig. 821), it 

A AnV discharges a number of small 

l/vdlA cells, which also burst, and each 

\AX a emits a very small 2-ciliated 

\VytY 0 spiral spermatozoid. These 

V 7 -l>s jf spermatozoids are supposed to 

fyftj 1/ pass down the canal of the 

wjVs? JJ archegonium (fig. 823) to the 

/O — germ or embryonal cell which is 
[) situated at its bottom, which 

/ ) thus becomes fertilised. This 

cell after fertilisation undergoes 
various important changes, as 
already noticed (see page 368), 
^ and ultimately becomes a sporan- 

Fig. 1132. Profhallivm or protonema of a gium or sporogonium, enclosing 
Moss ( Fit n aria htjqt ovv't/ ira). p. Con- 8 p 0res and claters (fig. 824). which 
fervoid protonema ; a. Bud. b. Young 1 . , , . J r, , , ” , , 

leafy stem. r. Rootlets. are elongated, spirally-thickened 

cells, whose office is to assist in 
disseminating the spores when the valves of the sporogonia 
open. When these spores germinate, they generally produce a 
sort of conferv r oid structure or mycelium ( prothallium) , which 
in its after development resembles the like structure of Mosses. 
(See below.) 

2. Musci or Mosses. — The reproductive organs of this order 
consist of anther idia (fig. 811) and archegonia (fig. 812), which 
closely resemble the same structures in the Hepaticacese. Fertili- 
sation takes place in a similar manner (see above), and the changes 
which take place after fertilisation in the embryonal cell which 
ultimately forms a sporangium containing spores, but not elaters 
(fig. 819), have been already described. (See page 365.) 

In germination, the spores at first form a green cellular 
branched mass or prothallium , resembling a Conferva, which is 
sometimes termed the protonema (see page 366). Upon the 
threads of this structure (fig. 1132), buds (a) are ultimately 
produced, which grow up into leafy stems (6), upon which the 
archegonia and pistillidia are afterwards developed. 
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3. Lycopodiacese or Club-Mosses. — The two reproductive organa 
of this order are termed macrosporangia , oosporangia , or oophoridia 
( Jigs . 807 and 810), which represent the female ; and micro - 
sporangia , pollen sporangia , or anther id ia (figs. 808 and 800), 
which are regarded as male organs. The contents of the micro- 
sporangia are called small spores (microspores) , which break up 
into two sets of cells— one of which remains inactive, and pro- 
bably represents an abortive prothallium ; while the other de- 
velopes the antlierozoids (fig. 1133, c). In the macrosporangia 
are formed large spores , macrospores , or megaspores (fig. 810). In 
Lycopodium only microspores have been detected. 

It is not till some months after being sown that the spores 
commence to germinate, nor are the antlierozoids produced till 
a nearly equal period has elapsed. In germination, the spore 


Fig. 1134. Fig. 1135. 



F'g. 1133. Small spore, pollen spore, or microspore, of a Bpecies of Selagl- 
nella, bursting and discharging small sperm-cells, c, in which antherozoida 

or sperm atozoids arc contained. Fig. 1134. Large spore, macrosf>ore, or 

megaspore, of a species of Selaqinella. The outer coat of the spoie has 
been removed to show the entire inner coat, with the young protliallium, 

p , »t the upper end. Fig. 1135. Vertical section of a portion of the 

prothallium of the above in a more advanced state, showing the archegonia. 
a. Archegonium, in which the pseudo-embryo, e, has been developed from 
the germ-cell it contained, by contact with the sperm atozoids. This 
embryo, by the growth ot the sunpensor, is forced downwards and im- 
bedded in the upper part of the cellular mass of the Bpore-sac. 


(macrospore) produces a very small prothallium (fig. 1134, p), 
on which archegonia (fig. 1135, a) are subsequently developed. 
Each archegonium (Jig. 1136, a) consists of an intercellular 
canal leading into a sac below, which contains a single germ or 
embryonal cell. Fertilisation ia considered to take place by the 
ciliated antherozoids contained in the microspores ( fig. 1133, c), 
passing down the canal of the archegonium and coming into con- 
tact with the germ-cell. This cell then grows by cell-division 
and forms a pseudo-embryo (Jig. 1135, e), and ultimately pro- 
duces a new leafy sporangiferous stem. 

4. Marsileacem or Pepperworts. — The two reproductive organs 
of this order are generally distinguished as antheridia (figs. 803 
and 806, a), and pistillidia , macrosporangia , sporangia , or ovules 
(Jigs. 804 and 806, b). These two structures are either contained 
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in separate sacs, as in Salvinia (Jig. 806), or in the same, as in 
Marsika (jig. 802). The antheridia contain a number of small 
cells called generally pollen spores , microspores , or small spores 
(Jig. 803), which ultimately produce antherozoids or spermato- 
zoids remarkable for their length and delicacy (Jig. 1136). The 
pistillidia or macrosporangia (Jig. 800, b) contain commonly but 
one spore (Jig. 804) called an ovulary spore, large spore , macrospore 
or megaspore. In their organs of fructification the plants of this 


Fig. 1136. Fig. 1137. 



Fig. 1136. Pollen spore, small spore , or microspore, of Till-wort ( Ptlularia 
globulif, ra), bursting and discharging small cells enclosing antliorozoidsor 
spermatozoa! s. Some of Die latter may be observed to have escaped by 

the rupture of the small cells in which they were contained. Fig. 1137. 

"Vertical section of the prothallium of the above, which is formed, as m 
the Lycopodiacene, in the interior of the lari/e spore or macrospore. Only 
one archegomum, a, is here produced in the centre. The archegonium 
consists of on intercellular canal, leading into a sac below, in which may 
be seen a solitary germ or embryonal cell. 

order closely resemble the Lycopodiacere. Like the Lycopodiaceie 
the large spores also produce a small prothallium confluent with 
them (Jig. 1137), in which subsequently only a single archegonium 
generally, as in Pilularia and Marsika , appears (Jig. 1137, a), 
although in Salvinia several archegonia are formed. Impregna- 
tion takes place by the contact of the spermatozoids or anthero- 
zoids with the germ-cell of the archegonium, which immediately 
developes, and forms a pseudo-embryo bearing a great apparent 
similarity to the embryo of a monocotyledonous plant, from 
which a leafy stem bearing fructification is ultimately pro- 
duced. 

5. Eguisefaccoc or Horsetails , and 

6. Filices or Ferns . — The mode of reproduction of the plants 
of these two orders is essentially the same, and we shall ac- 
cordingly allude to them together. As already fully described 
(see pages 356-3G0), their leafy structures bear sporangia or 
capsules in which the spores are enclosed (Jigs. 792-795, and 
799-801). There is, however, but one kind of spore. 

In germination, which has also been noticed (pages 359 and 
360), these spores ultimately form a thin, flat, green parenchyma- 
tous expansion (Jigs. 796 and 1138, b), which somewhat resembles 
the permanent thallus of the Hepaticacefe (Jigs. 820 and 822). 
Upon the under surface of this structure we have soon formed, 
in the Filices, both antheridia and archegonia ; but in some of 
the Equisetacefe, the antheridia and archegonia have only been 
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found on separate prothalli, and lienee these plants would appear 
to be dioecious. The antheridia (fig. 797) contain a number of 
minute cells called sperm-celkt (se) y each of which contains a 
spirally wound ciliated spermatozoid or antherozoid (up). The 
archcgonium (fig. 798) is a little cellular papilla, having a central 
canal, which when mature is open. At the bottom of the canal 
is a cell called the embryo-sac , m which a germ or embryo-cell is 
developed. According to other observers this so-called embryo- 
cell is simply a germinal corpuscle till after fertilisation ; that is, 
a free primordial cell, or mass of protoplasm, without an external 
wall of cellulose. 

When mature, the upper part of the antlieridium separates 
from the lower, something like the lid of a box ; the sperm-cells 
then escape, become ruptured, and emit their 
contained spermatozoids. These spermato- 
zoids make their way down the canal of the 
archegonium to the embryo-sac, by which the 
contained germ-cell, embryo-cell, or germinal 
corpuscle, is fertilised. This gorm-cell then 
developes a pseudo-embryo, which soon pos- 
sesses rudimentary leaves and roots (fig. 

Ilb8), and ultimately produces a plant with 
fronds bearing sporangia or capsules, which 
resembles the parent from which the spore 
was originally obtained. The Ferns and Horse- 
tails are thus seen to exhibit two stages of 
existence : in the first, the spores produce a 
thalloid expansion ; and in the second, by 
means of antheridia and archegonia upon the 
undersurface of this prothallium, there is ulti- 
mately produced a new plant, resembling in every respect the 
one from which the spore was originally derived. Hence Ferns 
and Horsetails exhibit what has been termed alternation of 
generations. 

2. Reproduction of Phanerogamous or Cotyledonous 
Plants. — In all the plants belonging to this division of the 
Vegetable Kingdom the male apparatus is represented by one 
(fig. 507) or more (fig. 25) stamens, each of which essentially 
consists of an anther enclosing pollen (fig. 20, p) ; and the 
female , by one (fig. 577) or (fig. 30) more carpels, in (fig. 32) or 
upon (fig. 721) which one or more ovules are formed. When 
the ovules are contained in an ovary (fig. 32), the plants to 
which they belong are called angiospermons ; but when they 
are only placed upon metamorphosed leaves or open carpels 
(fig. 721), the plants are said to be gymnospermous. In the 
plants of both these divisions of the Vegetable Kingdom the 
ovules by the action of the pollen are developed into perfect 
seeds whilst connected with their parent, the distinguishing 
character of a seed being the presence of a rudimentary plant 


Yu.. 1138. 
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called the embryo. The modes in which reproduction takes 
place, and the after development of the embryo, differ in several 
important particulars in Gymnospermous and Angiospermoua 
plants ; hence it is necessary to describe them separately. 

A. Reproduction of Qymnospermia. — We have already given a 
general description of the pollen and ovules of Phanerogamous 
plants, but as these structures present certain differences in the 
Gymnospermia from those found in the Angiospermia, it will be 
necessary for us to allude to such peculiarities before describing 
the actual process of reproduction. 

The pollen of the Angiospermous division of the Phanero- 
gamia generally consists, as we have seen (pages 253 — 257), of a 
cell containing a matter called the fovilla , and having a wall 
which is usually composed of two coats, the outer being termed 
the extine , which possesses one or more pores (Jig. 5G5) or slits 
(Jigs. 5G3 and 564), or both ; and the inner, called the intine , 
which is destitute of any pores or slits, and consequently forms 
a completely closed membrane, Each pollen-grain of the Angio- 
spermia is thus seen to be a simple cell. In the Gymnospermia, 
on the contrary, the pollen-grains are not simple cells, but they 
contain other small cells from one of which the pollen-tube is 
developed, and which adhere to the inside of the internal mem- 
brane close to the point where the external membrane presents 
a slit. 

The ovules of the Gymnospermia, excluding those of the 
Gnetaceac which require further investigation, consist of a 


Fig. 1139. 


Fig. 1140. 



Fig. 1141. 



Fig . 1139. Section of an ovule (diagrammatic), a. Nucleus, b. Embryo-sac. 
c. Iuner coat. d. Outer coat. e. Micropyle. /. Chalaza. g. Funiculus. 

Fig. 1140. Vertical section of the young unimpregnated ovule of a 

species of Pmus. a. Nucleus containing a small primary embryo-sac, b. 

m. Micropyle, which is here very large. Fig. 1141. Vertical section of 

an older ovule of the same. a. Enlarged primary embryo-sac. b. Endo- 
spermal cells within the embryo-sac, c. Pollen-tubes penetrating the 
apex of the nucleus. 

nucleus or macro-sporange (Jig. 1140, a), enclosed by a single 
coat, and with a large micropyle, m. Before the contact of the 
pollen with the micropyle, the primary embryo-sac (macrospore) 
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(b) is developed in the nucleus. This embryo-sac is at first very 
small (Jig, 1140, ?>), but gradually enlarges (Jig. 1141, a), and 
after a long period becomes filled by free cell-formation with 
delicate cells, called endosperm cells (Jig. 1141, 6), which dis- 
appear very soon, and are replaced later on by a fresh develop- 
ment. The following account of the subsequent development 
of the ovule, and the mode by which it is fertilised, is taken 
from Henfrey, and is founded upon Hofmeister’s investigations. 

4 In the upper part of the mass of the last formed endosperm 
(Jig. 1141, b), from five to eight cells are found to expand more 
than the rest, forming secondary embryo-sacs or corpuscula* 




Fio. 1112. 



Fiq. 1142. Development of theombno in a species of Finns. (After Henfrey.) 
a. Upper part of the embrvo-sae, \\ ith two secondary embryo-sacs, cor- 
puscula, or archegoma. b. The same, more advanced. ft. lr ollen-tube m 
the canal leading dow n to the corpuscula. a Gei nunal corpuscles at the 
base of the secondary embrjo sac. k, f, g. Successive Rtages of develop- 
ment of germinal corpuscles, a m B. c. Dour cellular filaments or sus - 
penwi which are developed from the germinal corpuscles after impreg- 
nation ; at h, ib shown an earlier stage. D. One ot these suspensors, with 
the embryo (cm) at its apex. 

These are not formed in the superficial cells of 6, but from cells 
of the second layer, so that each is separated from the membrane 
of the primary embryo-sac by one cell (Jig. 1142, a). These 
corpuscula , as they were called by Robert Brown, their discoverer, 
are very much like the archegonia in the internal prothallium 
structure of fielaginella. After a time the secondary embryo- 
sacs divide into an upper or neck-cell, and a lower or central cell, 
egg or oosphere. The neck- cell speedily divides and subdivides, 
to form the rosette, which surmounts the central cell. In the 
upper part of this latter is then formed, from subdivision of the 
nucleus, a very delicate cell, which is called the canal-cell. The 
mature corpuscle therefore consists of a large central cell sur- 
mounted by a rosette of small cells placed immediately beneath 
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the wall of the primary embryo- sac, or separated from it by a 
funnel-shaped space.’ 

The process of fertilisation takes place, as follows : After the 
contact of the pollen with the micropyle of the ovule, the pollen- 
tube, after remaining passive for a variable space of time, takes 
an active growth, traverses the endosperm, and arrives at 
the embryo-sac by the time the corpuscles are developed. It 
penetrates the wall of the embryo-sac, enters into and dilates the 
funnel-shaped space just mentioned, passes down between the 
cells of the rosette, pushing them on one side (Taxacem, Cupres- 
seao), or causing their absorption and disappearance (Abieteae) 
as well as that of the canal-cell , and finally penetrates into the 
cavity of the canal-cell. The changes which take place in this 
latter are, according to Strasburger, these disappearance of 
the original nucleus, and formation of four to eight new nuclei 
by condensation of the protoplasm and subsequent secretion of 
a cellulose wall around them. In this way four to eight new 
cells are formed by free cell-formation in the central cell after 
fertilisation ; these new cells divide so as to form cellular fila- 
ments, which break out through the bottom of the endosperm 
into the substance of the nucleus (Jig. 1142, r). At the ends of 
these filaments cell-division again occurs (Jig. 1142, d) ; and 
from the apex of one of these suspetisors or pro-embryos is 
developed, by repeated cell-division in various directions, the 
embryo (d, em). At one stage (in Thuja) a single apical cell, 
the terminal one of a group of five, from which ultimately all the 
tissues of the embryo are formed, recalls the single apical cell of 
the Cryptogamia, but it is soon lost by subdivision. As there 
are several corpuscles, and each produces four suspensors, a large 
number of rudimentary embryos are developed ; but usually 
only one of all these rudiments is perfected. 

‘That embryo which is fully developed gradually increases 
in size, and most of the structures above described disappear, so 
that the ripe seed exhibits a single embryo embedded in a mass 
of endosperm or albumen, the latter originating apparently 
from the nucleus of the ovule. The radicle is covered by a 
pileorhiza , which is ultimately blended with the substance of the 
endosperm.’ 

B. Reproduction of Angiospcrmia . — The structure of the pol- 
len-cells of the Angiospermia has been already described (see 
Pollen , and page 794), and need not be further alluded to in this 
place 

The ovule has also been particularly noticed, and we shall 
now only recapitulate its component parts at the time when the 
pollen is discharged from the anthers — that is, just before im- 
pregnation takes place. It then consists of a cellular nucleus 
(fig. 1143, w), enclosed generally in two coats— an outer the 
prirmne , and an inner the secundiue, of Mirbel, as in the 
present figure. But sometimes there is but one coat (Jig . 729),. 
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and in rare cases the nucleus is naked, or devoid of any coat 

(fig. 727). 

These coats completely invest the nucleus except at the 
apex, where a small opening or canal is left, termed the micro- 
pyle (fig. 1143, m). In the interior of the nucleus, but of 
various sizes in proportion to it, the embryo-sac (fig. 1143, ,s) 
is commonly seen. This sac is, however, liable to many modi- 
fications ; thus, in some cases, as in the Orchidacea*, the embryo- 
Bac completely obliterates the cells of the nucleus by its develop- 
ment, so that the ovule consists simply of it and its two proper 
coats. In the Leguminosie, the embryo-sac increases still further, 
and causes the absorption of the secundine or inner coat of the 
ovule also, so that it is then simply invested by one coat(primine) ; 
while in other plants, as in the Santalaceie, the sac elongates so 
much at the apex as to project out of the micropyle. The embryo- 


Fjo. 114a. Fi<». 1141. Fm. 11 15. 



Fi<! 1143 Vortical section of the ortliotropons ovule of a Bjiccie^ of Poly- 
gonum. ch. C’littliusa. n. Nucleus investeil by two coats, in. Micropyle. 

s. Embn o-aac. c. Germinal vesicle or rorpmcle. Fiff. 1141. 1'lic 

ovule, some time ljefore fertilisation. a. The outer coat. b. 1 he luner 
coat. .f. The embryo-snc, with three nuclei at the upper end.-- — riq. 
114 ft’ The internal parts of the ovule a short time beiore fertilisation. 
a. Inn r coat ol the ovule, f. Embryo-sac. b. Germinal vesicle. (After 
Hofmeister.) 


sac contains at first a more or less abundant quantity of proto- 
plasm ; in this nuclei afterwards appear (jig. 1144, *)> which, 
by the process of free cell-development, form a conosponding 
number of cells (usually three), which are commonly termed 
germinal vesicles (Jigs. 1143, c, and 1145, h). The vesicles are 
situated at or near the summit of the einbryo-sac. Henfrey says, 
that these are not perfect vesicles with a cellulose coat before im- 
pregnation, but merely corpuscles of protoplasm (pnmordud cells), 
like 8 the unfertilised spores of Fucits (page 388). Hence he terms 
them germinal corpuscles , and applies the term germinal vesicle 
only to the impregnated corpuscle or rudimentary embryo. 
Whether these are simply corpuscles of protoplasm or true 
vesicles is doubtful ; but we shall in future, m accordance with 
the majority of observers, consider them as true vesicles before 
impregnation. 
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Such is the general structure of the Unimpregnated ovule. 
Much difference of opinion, until the last few years, existed 
among physiologists as to the contents of the embryo-sac previous 
to impregnation. Schleiden, Schacht, and others, contended, 
that no germinal vesicle existed in the sac until after the con- 
tact of the pollen-tube with it in the ordinary process of im- 
pregnation ; in fact, they believed that the germinal vesicle was 
itself formed from the end of the pollen- tube, which, according 
to their observations, penetrated the wall of the sac, and by 
subsequent development produced the embryo. This view was, 
however, at once combated by many accurate observers, who 
all agreed in describing the presence of one or more germinal 
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w 


If B 


/ B 

M 


Fiq. 1146 . a. Pollon-c^ll of Dipsacm Fullonum. 
b. Pol en-cell of Cut urbita. Each pollen- 
cell is putting out a single pollen-tube. (After 

Thomd ) Fiq. 1147. Longitudinal vertical 

section through uniovular ovary of Polygonum 
Convolvulus, a. Stigma, b. Pollen-cells. . 
Pollen-tube. d. Wall of ovary, qm Erect 
orthotropous ovule, se. Its embrjonal sac. 
c/t. Chalaza. — N B Two of the pollen-tubes 
have penetrated the conducting tissue of the 
style, one of which has entert d the micropyle 
of the ovule, the other not. (After Thoimb) 



vesicles or corpuscles in the sac before impregnation ; and sub- 
sequently, Schleiden himself, who originated this view of the 
origin of the embryo, was convinced of his error, by Raddlkofer, 
one of his own pupils. 

When the pollen in the process of pollination (page 20) falls 
upon the stigma (Jig. 1147, b, a) (the tissue of which at this 
period, as well as that forming the conducting tissue of the style 
and neighbouring parts, secretes a peculiar viscid fluid as de- 
scribed at page 263), its intine protrudes through one or more 
of the pores or slits of the extine (Jig. 570) in the form of a de- 
licate tube, which penetrates through the cells of the stigma, 
by the viscid secretion of which it is nourished. In most plants 
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but one pollen-tube is emitted by each pollen-cell (figs. 1146, a 
and b, and 1147, c), but the number varies, and, according to 
some observers, is sometimes twenty or more. The pollen -tube 
continues to elongate by growth at its apex, and passes down 
through the conducting tissue of the canal of the style (figs. 
571, tp, and 1147, c) when this exists, or directly into the ovary 
when the style is absent. This growth of the pollen-tube is 
occasioned by the nourishing influence of the viscid secretion 
which it meets with in its passage through the stigma and con- 
ducting tissue of the style. 

These tubes are extremely thin. They vary in length ac- 
cording to circumstances, but are frequently many inches ; and, 
as shown by Professor Martin Duncan, they are not in all cases 
continuous tubes, as previously supposed, but that in TtgruUa , 
and all other monoeotyledonous plants with long styles which 


Fig. 1148. 



Fiq. 1148. Vertical section of the ovule of a specie* of (Enolhcra . t. Enlarged 
end of pollen-tub< containing: fovilla, "which ha* entered tin mic ropyle, and 
is sect) pressing" inwards the apex of the embryo-sac. s, r. Jmpiegnatod 
germinal vesicle, which alieady lie gins to exhibit two parts . one, the 
upper, forming a suspeusor, s, and another, btdow, r, a globular body, 
which ultimately becomes the embryo, e. Endosperm cells 01 albumen. 

Fig. 1149 Section of the ovule of a species of Orchis, t. Enlarged 

end of the pollen-tube which has passed through the micropyle, an l is 
closely applied to the embryo-sac, the upper side of winch it has pushed 
inwards e. Germinal vesicle m the interior of the embryo-sac m an 
impregnated state, and dividing into two portions, the Iowa of which is 
the rudimentary embryo, and the upper forms a suspeusor. 

he examined, they are composed of several elongated cells, 
which are doubtless produced by the ordinary process of cell- 
division (see page 256). The time required for the development 
of these tubes also varies in different pollens ; thus, sometimes 
they are developed almost immediately the pollen comes into 
contact with the stigma ; while in other cases, many hours are 
required for the purpose. The pollen-tuhes also occupy a vary- 
ing time in traversing the canal of the style— that is, from a few 
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hours to some weeks. When the pollen-tubes have penetrated 
the stigmatic tissue, the secretion of the latter ceases and the 
stigma dries up. The upper part of the pollen-tubes also withers 
above, as growth takes place below. 

The pollen-tubes having reached the ovary are distributed to 
the placenta or placentas, and then come ultimately in contact 
with the ovule or ovules. One (or sometimes two) of these 
pollen-tubes enters into the micropyle of each of the ovules {jigs. 
1147, c, 1148, /, and 1149, f), and thus reaches the nucleus and 
embryo-sac. When it arrives at the latter it is generally some- 
what enlarged {jig. 1149, £), and adheres firmly to it at or near 
its apex. The embryo-sac is frequently introverted to a slight 
extent at the point of contact with the pollen-tube {figs. 1148 and 
1149), and it is stated by Hofmeister to perforate it in Canna ; 
but if such a perforation occurs in this case, it is altogether an 
exception to what is generally observed. As soon as the contact 
of the pollen- tube with the embryo-sac is effected, a kind of osmo- 
tic action between the contents of the two takes place, the result 
of which is the development of one, or rarely two, as in Orchis 
and Citrus , or more, of the germinal vesicles, into embryos. 
According to Henfrey, as previously noticed (see page 797), the 
first change is the development of the germinal corpuscle into a 
germinal vesicle or cell. 

The germinal vesicle, in its development into an embryo, 
generally divides in a transverse manner into two cells {jig. 
3149, e); the upper of which by elongating, and frequently by 
further division, forms the pro-embryo or suspeusor {jig. 1148, «s), 
by which the lower cell is suspended from the apex of the 
embryo-sac. This lower cell assumes commonly a globular form 
{jig. 1148, r), and ultimately by cell-division forms the embryo, 
whether mono- or di-cotyledonous. The suspensor is not pre- 
sent in all cases, while in others where it is found, it varies in 
length. It is evidently not essential in all instances, as it 
always shrivels up during the development of the cell which it 
supports into the embryo. The latter, therefore, is the true 
rudimentary embryo. Other variations occur in the mode in 
which the germinal vesicle is developed into an embryo, but the 
above is a general sketch of the subject, and all that our, space 
will allow us to give. 

The changes which take place in the ovule during the deve- 
lopment of the embryo, and the subsequent growth of the latter, 
have been already alluded to when treating of the seed. (See 
Nndevs or Kernel , page 330 ; and Development of the Embryo y 
page 333.) 

Darwin has shown that, in numerous plants, crossing is 
necessary for a completely fertile union of the sexes ; that is, 
that the ovules of one flower must be fertilised by pollen from 
another of the same species. This may be effected in many ways ; 
e.g. by the wind in dioecious plants, or frequently by the un- 
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conscious agency of insects, as in the Orchidaeoae, where the 
various modifications of structure to ensure cross- fertilisation by 
this latter means are strikingly beautiful. It seems not unlikely 
that further investigations will prove that self-fertilisation is 
exceptional in plants ; certainly occasional crossing seems to be 
necessary. 

Dimorphic or hetero- styled species are those which possess two 
forms of both sorts of sexual organs, as species of Primula , 
Oralis, and Pulmonaria, which have both long and shoi t stamens, 
and long and short styles. The long stamens are associated with 
the short styles and vice versa , in the flowers ; and Darwin 
has proved, by experiment, that, for the completo fertilisation 
of either kind of pistil, it is necessary that pollen from the 
stamens of corresponding length, and therefore from a different 
flower, be employed. Lythrum Salicaria is trimorphic — i.e. has 
styles and stamens of three different lengths — and similar laws 
have been observed to prevail in its fertilisation. Legitimate 
fertilisation is the impregnation of the style of one flower by the 
pollen from a stamen of equal length with itself, but belonging 
to another flower ; while the fertilisation of a pistil by pollen 
from a stamen of different length is termed illegitimate. 

Hybridisation , Hybridation, or the Production of Hybrids in 
Plants. — If the pollen of one species is applied to the stigma of 
another species of the same genus, should impregnation take 
place, the seeds thus produced will give rise to offspring inter- 
mediate in their characters between the two parents. Such 
plants are called hybrids or mules . The true hybrids, which 
are thus produced between species of the same genus, must not 
be confounded with simple cross-breeds, which result from the 
crossing of two varieties of the same species ; these may be 
termed sub-hybrids. 

As a general rule, true hybrids can only be produced betw een 
nearly allied species, although a few exceptions occur, where 
hybrids have been formed between allied genera ; these are called 
bigeners. The latter, however, are not so permanent as the 
former, for in almost all cases they are short lived. 

Hybrids always possess some of the characters of both pa- 
rents, but they generally bear more resemblance to one than the 
other. Sometimes the influence of the male parent is most evi- 
dent, and at other times that of the female, but no law can at 
present be laid down with regard to the kinds of influence ex- 
erted by the two parents respectively in determining the cha- 
racters of the hybrid. In very rare cases it lias been noticed 
that different shoots of the same hybrid plant have exhibited 
different characters, some bearing flowers and leaves like their 
male parent, others like the female, and some having the cha- 
racters of both. In such cases, therefore, the hybrid characters 
are more or less separated in the different shoots, which present 
respectively the characters of one or the other of their parents. 
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An example of these facts may be seen in Cytisus Ad ami , pro- 
duced by the true hybridation of Cytisus Laburnum and Cytisus 
purpvreus . 

Hybrids rarely produce fertile seeds for many generations, 
and hence cannot be generally perpetuated with any certainty 
by them ; but if they are of a woody nature, they may be 
readily propagated by budding, grafting, and other analogous 
processes. (See page 102.) Hybrids are fertile with the pollen 
of one of their parents ; the offspring in such a case resembles 
closely the parent from which the pollen was obtained. By the 
successive impregnation of hybrids through three, four, or more 
generations with the pollen of either of their parents, they revert 
to their original male or female type ; thus, when the hybrid is 
successively impregnated by the pollen of its male parent, it 
reverts to the male type ; and when with that of the female, to 
the female type. The influence of the latter is, however, more 
gradual. 

Hybrids somewhat rarely occur in wild plants. This arises 
chiefly from the following causes : thus, in the flrst place, the 
stigma is more likely to be impregnated with the pollen from sta- 
mens immediately surrounding it, or from those in other flowers 
on the same plant, than by that of other and more distant plants ; 
and, secondly, the stigma has a sort of elective affinity or natural 
preference for the pollen of its own species. Indeed, Gaertner 
found, that if the natural pollen and that of another species be 
applied to the same stigma at the same time the latter remained 
inert, and the former alone fecundated the ovules, or was pre po- 
tent over the other ; and, moreover, that when the natural was 
applied a short period subsequently to the foreign pollen, the 
seeds thus produced were never hybrids. Hybrids appear to be 
produced more frequently in wild plants when the sexes are in 
separate flowers, and more especially when such flowers are on 
different plants. 

Hybrids are frequently produced artificially by gardeners 
applying the pollen of one species to the stigma of another, and 
in this way important and favourable changes are effected in the 
chaiacters of our flowers, fruits, and vegetables. But varieties 
thus produced are not commonly true hybrids, but simple cross- 
breeds. 

The investigations of late years would appear to show, that a 
similar law as regards hybridisation occurs in the Cryptogamiaas 
in the Phanerogamia. Thus, Thuret has succeeded in fertilising 
the spores of Fvcus vcsiculosvs with the spermatozoids of Fucus 
seri'atns, an allied species ; but he failed in his attempts to 
fertilise the spores of one genus of the Melanosporeous Algaj by 
the spermatozoids of another. Other evidence has also been 
adduced as to the hybridisation of Cryptogamous plants, and 
there can be little doubt that hybrid Ferns are sometimes pro- 
duced when a number of Bpecies are cultivated together, for it 
has been noticed that, under such circumstances, plants make 
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their appearance, which present characters of an intermediate 
nature between two known species. 

3. Of the Fruit. — When fertilisation has been effected 
(see page 287), important changes take place in the pistil and 
other organs of the flower, the result of which is the forma- 
tion of the fruit. The calyx and corolla generally fall off, or if 
persistent, they form no portion of the fruic except when the 
calyx is adherent, as in the Apple (Jig. 714), when it necessarily 
constitutes a part of the pericarp. The style and stigma also 
become dry, and either fall o if, as in the majority of cases, or are 
persistent, as in the Poppy and Anemone (jig. G95). Hut the 
principal alterations take place in the wall of the ovary, which 
usually becomes more or less swollen, and soon undergoes im- 
portant chemical changes, and forms the pen car]), either by 
itself (a true fruit), or combined with the adherent calyx (a h ipv- 
r ions fruit). Some pericarps, as already noticed (page 290), arc 
fully developed without the fertilisation of the ovules, as those 
of many Oranges, Grapes, Bananas, Ac. The fruits thus formed, 
although frequently more valuable than others for food, are, of 
course, useless for reproduction. 

The fruit in its growth attracts the food necessary for that 
purpose from surrounding parts, hence, the fruiting of plants 
requires for its successful accomplishment an accumulation of 
nutrient matter, and is, therefore, necessaiily an exhaustive 
process. That the reproductive processes, and especially the 
ripening or maturation of the fruit, tend to exhaust the indi- 
vidual, is proved in various wqys. Thus, plants which fruit the 
same year in which they are developed afterwards perish, from 
the exhaustion of nutrient matter thus occasioned ; and that such 
is the reason is proved by the fact, that we can make annuals 
biennial or even perennial, by plucking off the flower-buds as they 
are successively developed. Some plants which only flower once 
require many years to accumulate sufficient nourishment to 
support the processes of reproduction. Such are the American 
Aloe and the Talipot Palm, both of which live many years before 
flowering, after which they die. A bad fruit year is generally 
succeeded by a good one, and vice v( rad, because in the former 
case an additional supply of nutrient matter is stored up for the 
fruiting season, and in the latter there is a diminished amount. 
Again, if a branch of an unproductive tree have a ring of bark 
removed so as to prevent the downward flow of the elaborated 
sap, its accumulation above will cause the branch to bear much 
fruit. Pruning depends for its success upon similar principles. 
In order to obtain good fruit it is also necessary not to allow 
too many to come to perfection on the same plant. Other 
matters connected with this exhaustion by fruiting have been 
already alluded to, in speaking of Annual, Biennial, and Peren- 
nial Boots, at page 128. 


3 f 2 
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The changes produced upon the atmosphere in the maturation 
or ripening of the fruit, depend upon the nature of the pericarp. 
Thus, when the pericarp preserves its green state, as also always 
when first formed, it has an action similar to that of the leaves ; 
but when of other colours than green, and more especially when 
succulent, it evolves carbon dioxide at all times, instead of 
oxygen, under the influence of solar light. 

Chemical Constitution of Fruits. — The chemical constitution 
of fruits varies according to their nature and age. When 
the pericarp is of a dry nature, it commonly assumes a whitish 
or brownish colour, and its cells become thickened with hardened 
matters, and their cellulose walls converted into lignin. Under 
such circumstances, no further changes take place in its chemical 
constitution, and its vital activity ceases. But when the pericarp 
becomes succulent whilst ripening, it assumes various tints ; tran- 
spiration goes on from its outer cells, the contents of which thus 
become dense, and absorb the watery matters from those within 
them ; these in like manner react upon the contents of those 
within them, and so there is a constant passage of fluid matters 
from the surrounding parts by osmotic action into the pericarp ; 
in this way, therefore, it continues to enlarge, until it ha3 
arrived at maturity, when transpiration nearly ceases from the 
deposition of waxy matter in or upon the epidermal cells, and 
the stalk by wdiich it is attached to the plant becomes dried up. 
When first formed such pericarps have a like composition with 
leaves, and but little or no taste. After a time they acquire an 
acid flavour from the formation of vegetable acids, and salts 
with an acid reaction. The nature of these acids and salts 
varies in different fruits ; thus ttie Grape contains tartaric acid 
chiefly and bitartrate of potash, the Apple, malic acid, and the 
Lemon, citric acid. As the pericarp ripens, saccharine matter 
is formed, and the quantity of free acids diminishes, partly from 
their conversion into other matters, and partly from their com- 
bination with alkalies. In order that these changes may be 
properly effected, it is necessary that the fruit be exposed to the 
sun and air, for if grown in the dark it will continue acid ; and 
it will be much less sweet even when developed in diffused day- 
light, than when freely exposed to the sun. As fruits ripen 
they evolve carbon dioxide, as already noticed, give off watery 
fluids, and a sensible elevation of temperature may be noted. 

The origin of the sugar of fruits, and even its nature, is not 
satisfactorily determined. According to most observers, ripe 
fruits contain grape sugar, but M. Buignet states that the sugar 
which is primarily formed in acid fruits is saccharose or cane 
sugar, and that during the process of ripening, this sugar is 
gradually changed into fructose or fruit sugar , but very often 
there remains in the ripe fruit a mixture of these two sugars. 
The origin of the sugar is variously attributed to the transforma- 
tion of the acids, cellulose, lignin, starch, dextrin, gum, and 
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matters of a like nature. According to M. Buignet’s investiga- 
tions, the cause of the change of the primarily formed cane 
sugar into fructose is not the acids of the fruits, hut appears to 
depend on the influence of a nitrogenous body playing tiie part 
of a glucosic ferment, analogous to that which M. Berthelot has 
extracted from yeast. M. Buignet adds, that 4 the abundance 
in which starch is found distributed through the Vegetable King- 
dom, leads to the supposition that it is the true source of the 
saccharine matter in Iruits. Its presence cannot, however, bo 
detected in green fruits, either by the microscope or by iodine, 
excepting in green bananas, which contain a notable quantity of 
starch.’ M. Buignet also notices that green fruits contain an 
astringent principle resembling tannin, which is capable of being 
converted into a sugar identical with the sugar from starch, under 
the influence of dilute acids and a proper temperature. The 
proportion of this tannin diminishes in fruits in the same ratio 
that the proportion of sugar increases. 

The changes which take place in the composition of fruits 
during ripening are well exhibited in the following table founded 
upon Berard’s observations : — 
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3-80 

2-19 


The pericarp of some fruits has developed in it during the 
process of ripening fixed and essential oils, as w r ell as other 
substances of an aromatic nature. According to Brainy, the 
inner walls of the cells of succulent fruits in an unripe state, 
consist of a substance called pectone , which is insoluble in water, 
alcohol, or ether. This body has not been isolated, but is con- 
verted in ripe fruits by the agency of acids into pectine , which is 
soluble in water. Pectine is afterwards transformed into pectosic 
and then into pectic acid through the agency of a peculiar ferment 
called pectose. Fremy has also noticed, that at the period of 
maturation the thickness of the cell-walls diminishes rapidly; 
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hence it would appear that these transformations of the pectic 
compounds play an important part in the changes which are 
taking place during the ripening of the fruit. 

liipening of Fruits . — The time when a fruit is considered ripe 
varies in different cases. When the pericarp is of a dry nature, 
the fruit is looked upon as ripe just before it dehisces ; but when 
the pericarp is of a pulpy nature and edible, we commonly re- 
gard it as mature \\ hen most agreeable for food. Hence the Apple 
is considered to be ripe in a state in which tne Medlar would be 
regarded as unripe. 

When succulent fruits are ripe, they undergo another change, 
a species of oxidation, which produces a decay, or blettiny of 
them tissues, as it has been called by Lindley. This bletting, 
according to Be'rard, is especially evident in the fruits of the 
Pomere and Ebenacea*, and it would appear that the more 
austere the fruit is, the more it is capable of bletting regularly. 
Bletting appears to be peculiar to such fruits, and may be re- 
garded as a state intermediate between maturity and decay. A 
Jargonelle Pear, in passing from ripeness to bletting, according 
to Be'rard, loses a great deal of water (83 '88, which it contains 
when ripe, being reduced to 02*73); much sugar (11*52, being 
reduced to 8*77) ; and a little lignin (2*19, being reduced to 
1*85) ; but it acquires, at the same time, rather nure malic acid, 
gum, and animal matter. 

The time required by different plants for ripening their fruits 
varies much, but almost all fruits come to maturity in a few 
months. Some, as those of Grasses generally, take but a few 
days ; while others, as certain of the Coniferas, Ac., require more 
than twelve months. 

4. Of the Seed.— T he structure and general characters of 
the seed, as well as the origin and progressive development of 
its parts, have been already fully alluded to in a former section 
of this work (pages 324-340). 

Our limited space prevents us from alluding to the multitude 
of ways and contrivances by which the natural dissemination of 
seeds is effected, and to the number of seeds produced by plants. 
Suffice it to say, that, in all cases, a great many more seeds are 
matured than are required for the propagation of the species ; 
and thus the extinction of the species in consequence of their 
decay, and their use for food by animals, &c , is provided against. 

Vitality of Seeds . — Seeds vary very much as to the time 
during which they will preserve their power of germinating. This 
vitality is frequently lost long before they lose their value for 
food. Some seeds of an oily or mucilaginous nature, or which 
contain much tannic acid, speedily lose their vitality, and decay ; 
this is the case, for instance, with Nuts and Acorns, and hence, 
when seeds of this nature are required for propagation, they must 
be sown immediately or within a short time of their arriving at 
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maturity, or special means must be adopted for their preserva- 
tion. Other seeds, such as those of a farinaceous nature, as 
Wheat and Cereal grains generally, or those with hard and bony 
integuments, as many of the Leguminoste, frequently retain their 
vitality for years. 

From the experiments of De Candolle, those of a Committee of 
the British Association, and of others, it would appear generally, 
that the seeds of the Leguminosse and Malvaceae preserve their 
vitality longest, while those of Composite, Crucifer®, and 
Graminace® soon lose their germinating power. But some ex- 
ceptions to the above statement occur in these orders. 

Under particular circumstances it seems certain that seeds 
may, and have preserved their vitality for a long period. Some 
of the cases brought forward as illustrations of this capability of 
seeds are, however, not supported by careful observations, as, for 
instance, that of the vitality of Wheat taken from Egyptian 
mummies. There are no well-authenticated instances of wheat 
taken from mummies which have beon untampered with, germi- 
nating ; indeed, all experiments (Dietrich, Lardet, Haberlandt) 
tend to show that wheat loses its power of germination in from 
three to seven years. But other well authenticated instances of 
seeds having preserved their vitality for a lengthened period are 
on record. Thus, on the authority of Dr. Trimen, it was stated 
in the third edition of this Manual, that some seeds of Nehnnbivm 


in the herbarium (now in the British Museum) of Sir Hans 
Sloane, who died in 1 7* r >3, germinated in 18GG ; these must, there- 
fore, have been considerably over a century old. Mr. Kemp, in 
the 4 Annals and Magazine of Natural History/ has likewise 
narrated a still more remarkable case. This gentleman received 
some seeds which were found upwards of twenty-five feet below 
the surface of the earth, in the lowest layers of a sand-pit in 
process of excavation. Upon being sown, about one-tenth 
germinated and produced plants of Pohjyo'H'om (sonvolwilu8 t 
Bumcx Acetosella , and a variety of Atriplex patnla. All these 
seeds are of a mealy or farinaceous nature. Mr. Kemp con- 
cluded from various circumstances, that they were deposited at 
a period when the valley of the Tweed was occupied by a lake , 
if this be the case, they must have retained their vitality duiing 
many centuries at least, as it is certain that in the time of the 
Romans no lake existed there. It has also long been noticed 
that when a new soil is turned up, plants previously unknown in 
the locality appear, which is a proof that the seeds of such plants 
must have lain dormant for frequently a very lengthened period. 

Preservation and Transportation of Seeds.— As many persons 
frequently wish to send seeds to a distance, a few words on the 
best means of preserving them for that purpose cannot be but ac- 
ceptable to our readers. Thus when seeds are enclosed in hard or 
dry pericarps, they should be preserved and transported m them. 
This is the case with those of many leguminous and Coniferous 
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plants. When the pericarps are soft or liable to decay, the seeds 
should be removed from them. In all cases, seeds when re- 
quired for preservation should be gathered when quite ripe, as at 
that period their proximate principles are in a more stable con- 
dition than when unripe, when they are very liable to change. 
Seeds should be also preserved quite dry. Seeds of a farinaceous 
nature, if ripe and dry, will retain their vitality for a long 
period, and such may be readily transported to a distance. For 
the latter purpose they should be placed in perfectly dry papers 
in a dry coarse bag, which should be afterwards suspended from 
a nail in the cabin of a ship, in which position the^ are main- 
tained at a moderate temperature and exposed to free ventilation. 
Such seeds require no further care. But seeds of an oily or 
mucilaginous nature, or that contain much astringent matter, 
require, as a further protection, to be excluded from the air. For 
this purpose they are best packed in stout boxes lined 'with tin, 
and filled with dry sand or charcoal powder. The sand or char- 
coal powder and the seeds should be placed alternately in layers, 
and the whole firmly pressed together. Such seeds, however, 
even when thus protected, frequently lose their vitality. A 
coating of wax has in some cases been found to preserve effec- 
tually the vitality of seeds. Probably seeds which are difficult of 
preservation might be transported in bottles containing carbonic 
acid, and hermetically sealed. Wardian cases are also an im- 
portant means for transporting seeds (see page 780), and should 
be resorted to, when possible, in all doubtful cases. 

Germination. — By germination we mean that power or act by 
which the latent vitality of the embryo is brought into activity, 
and it becomes an independent plant capable of supporting itself. 
The germination of Acotyledonous plants has already been suf- 
ficiently alluded to, when treating of the Root, at page 120, and 
in the sections devoted to the Reproductive Organs of, and Re- 
production of Acotyledonous Plants. Our further remarks will 
apply therefore solely to Cotyledonous plants. 

Length of Time required for Germination . — The time required 
for germination varies much according to the nature of the seeds 
and the conditions under which they are placed. Generally 
speaking, seeds germinate most rapidly directly after being 
gathered. If preserved till they are quite dry, the process of 
germination in some cases is months in being effected, while in 
some seeds their capability of germination is entirely destroyed. 
The seeds of the garden cresses will frequently germinate in 
twenty-four hours, but the majority of seeds do not germinate 
for from six to twenty days, and some require months or even 
years. Germination is generally prolonged w r hen the embryo is 
invested by hardened integuments or albumen, and it is usually 
rapid in exalbuminous seeds, more especially if such seeds have 
thin soft integuments. Heat is the agent which most accelerates 
germination. 
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Conditions requisite for Germination . — A certain amount of 
heat and moisture, and a free communication with atmospheric 
air, are in ail cases necessary to the process of germination. 
Electricity is also considered by some observers to promote it, 
but its inliuence in the process is by no means proved, and if 
exerted it is apparently of but little importance. Light has no 
influence on germination in most cases, according to Hoffmann’s 
experiments. (See also The Effect of the Electric Light on the 
Growth of Plants, page 828.) 

Moisture is required to soften the parts of the seed and to 
take up all soluble matters ; the cells of which seeds are com- 
posed are in this way enabled to expand, and the embryo to 
burst through the integuments, but excess of water is often 
injurious. 

Heat is necessary to excite the dormant vitality of the embryo, 
but the amount required varies very much in different seeds, 
and probably each species has its own proper range in this 
respect. As a general rule from 50° to 80° Fahr. may be re- 
garded as most favourable to germination in temperate climates, 
but some seeds will germinate at a temperature of 85° Fahr. ; and 
those of many tropical plants require a temperature of from 
90° to 120° Fahr., or sometimes higher, for germination. 

Air, or at least oxygen gas, is required to combine with tho 
superfluous carbon of the seed, which is thus evolved as carbon 
dioxide, with a sensible increase of temperature, as is well seen 
in the malting of Barley. The necessity of a proper supply of 
oxygen is proved by the fact, that seeds will not germinate when 
buried too deeply in the soil, or when the soil is impervious to 
air. This explains how seeds may lie dormant at great depths 
in the soil, and only germinate when the soil is brought to the 
surface ; and hence we see the necessity of admitting air to seeds, 
as in the ordinary operations of agriculture. 

Process of Germination . — When the above requisites are sup- 
plied in proper proportions to suit the requirements of different 
seeds, germination takes place ; but should any be wanting or 
in too great amount, the process is more or less impeded, or al- 
together arrested. The most favourable seasons for germination 
are spring and summer ; and seeds sprout most readily in loose 
pulverised and properly drained soil, at a moderate depth, for, 
under such circumstances, air, moisture, and warmth have free 
access. Seeds thus placed absorb moisture, soften and swell, 
and certain chemical changes go on at the same time in the sub- 
stance of the albumen, or, when this ifc absent, in the cells of 
the cotyledonary portion, by which a proper supply of nourish- 
ment is provided for the embryo. These chemical changes 
chiefly consist in the conversion of starch and other analogous 
substances which are insoluble and therefore not m a suitable 
state for absorption, into soluble matters such as dextrin and 
grape sugar. The immediate cause of this transformation of 
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starch is due to a nitrogenous substance called by Payen diastase , 
which is developed, during germination, from an alteration of a 
portion of the nitrogenous contents of the seed. During these 
chemical actions heat is evolved, as in the malting of Barley, 
and carbon dioxide given off from the combination of the 
superfluous carbon in tiie starch and albuminoids with the oxygen 
of the air. The nutriment being thus made available for use, it 
is absorbed dissolved in water by the embryo, which is in this 
manner nourished, increases in size, and ultimately bursts through 
the integuments of the seed. Its lower extremity or radicle (Jig. 
14, r), or one or more branches from it (Jig. 754, r), is commonly 
protruded first from its proximity to the micropyle, which is the 
weakest point in the integuments, and by taking a direction 
downwards becomes fixed m the soil, whilst soon after the op- 
posite extremity elongates upwards (Jig. 14, t), and is terminated 
above by the plumule or gemmule, which is the first terminal 
bud or growing apex of the stein. At the same time the cotyle- 
donary portion is either left under ground or is carried upwards 
to tlie surface. The embryo during this development continues 
to be nourished from the matters contained either in the albu- 
men or cotyledonary portion, and ultimately by continuing to 
absorb nutriment it is enabled to devolope its first leaves (pri- 
mordial) (fig. lb, d, d), and root r. The young plant is now 
placed in a position to acquire the necessary nourishment for its 
further support and growth from the media by which it is sur- 
rounded, and is thereby rendered independent of the other parts 
of the seed ; the cotyledonary portion accordingly perishes, and 
the act of germination is complete. 

Direct ion of Plumule and Radicle. — The cause which leads to 
the development of the axis of the embryo in two opposite di- 
rections has not yet been satisfactorily demonstrated, although 
much has been written on the subject. By some it has been 
referred to the action of darkness and moisture on the root, and 
that of light and dryness on the stem. By others it has been 
attributed to gravitation aud the state of the tissues ; and others, 
again, have regarded osmotic action as the cause All these ex- 
planations are unsatisfactory, and need not be further alluded to. 
Darkness has been shown to have no influence on the direction 
of the root, which is probably determined by the greater amount 
of moisture usually met with in the soil, and gravitation or geo- 
tropism (see page 832). In Trapa natanstfio radicle is directed 
upwards towards the surface of the water in which the plant 
grows. 

Differences between the Germination of Dicotyledonous and 
Monocot yledonous Seeds. — There are certain differences between 
the germination of Monocotyledonous and Dicotyledonous em- 
bryos, which have already been alluded to briefly (see page 128), 
but which require some further notice. 

1. Monocotyledcmous Germination. — The seeds of Monocotyle- 
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donous plants, in by far tlie majority of instances, contain 
albumen. This, as the embryo developes, is usually entirely 
absorbed ; but in the seed of Phytelephas the contents of the 
constituent cells are removed, and the walls left as a kind of 
skeleton. 

The single cotyledon of Monocotyledonous seeds, when they 
contain albumen, always remains entirely (fig. 754, r), or partially 
within the integuments, during germination. In the latter case, 
the intra-seminal portion of the cotyledon corresponds to the limb 
of the cotyledonary leaf, and the portion which elongates beyond 
the integuments (extra-seminal) represents the petiolar portion. 
The latter part varies much in length, and is commonly ter- 
minated by a sheath, which encloses the young axis with the 
plumule. In the Palms this petiolar portion is often several 
inches in length. At other times, there is no evident petiolar 
part, but the sheathing portion enveloping the axis remains 
sessile on the outside of the seed, and elongates in a tangential 
direction to it, as in the Oat (fig. 754), where the cotyledon, <•, 
remains within the seed, and the plumule, <j, rises upwards from 
its axil into the air. 

In some few Monocotyledonous Orders, such as Naiadaccie, 
Alismacere, Arc., where the seeds are exalhuminous, the cotyle- 
don is commonly freed from the integuments, and raised up- 
wards with the plumule. 

As already noticed (page 121)), in the germination of Mono- 
cotyledonous embryos, e.g. the Orasses, the radicle is not itself 
continued downwards so as to form the root, but it gives off one 
or more branches of nearly equal size, which separately pierce its 
extremity, and become the rootlets (Jiy. 24G, r). Each of these 
rootlets, at the point where it pierces the radicular extremity, 
is surrounded by a cellular sheath termed the root-sheath or 
coleorhlza (fig. 24G, co). This mode of germination is commonly 
termed endorhizal ; but it is by no means universal in the class. 

2. Dicotyledonous Germination . — The seeds of Dicotyledonous 
plants are either albuminous or exalbuminous, and their ger- 
mination in such respects, as a general rule, presents no pecu- 
liarity worth notice. The two cotyledons either remain within 
the integuments of the seed in the form of fleshy lobes, as in the 
Horse-chestnut and Oak, in which case they are said to be hypo- 
geal (from two Greek words signifying under the earth) ; or, as 
is more commonly the case, they burst through tlio coats, and 
rise out of the ground in the form of green leaves (fig . 16, c, c), 
in which case they are epiyeal (from two Greek words signifying 
upon or above the earth). In the courso of development the 
cotyledons commonly sei>arate, and the plumule comes out 
from between them (fig- 14, n). In those cases where they 
remain within the integuments, they sometimes beoome more 
or less united, so that the embryo resembles that of a 
Monocotyledon ; but a Dicotyledonous embryo may be always 
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distinguished from a Monocotyledonous one by its plumule 
coming out from between the bases of the cotyledons, and not 
passing through a sheath. 

The radicle of a Dicotyledonous embryo (see page 120) is it- 
self prolonged downwards by cell-multiplication just within its 
apex (Jig. 243, a), to form the root. An embryo which germinates 
in this way is termed cxorhizal. 

As a general rule, seeds do not germinate until they are 
separated from their parents ; but m some cases, and more 
especially when invested by pulp, as in the Gourds, Melon, 
Cucumber, Papaw, Ac., they do so before they are detached. In 
the above plants such a mode of germination is altogether 
exceptional ; but in the plants of the natural order Rhizopho- 
raceau, as the Mangrove (Jig. 250), the seeds commonly germi- 
nate m the pericarp before being separated from the tree, in 
which case the radicle is protruded through the integuments of 
the seed and pericarp, and becomes suspended in the air, where 
it elongates. 


CHAPTER 2. 

GENERAL PHYSIOLOGY, OR LIFE OF THE WHOLE PLANT. 

Having now examined the special functions of the different 
organs of the plant, we proceed to give a sketch of general 
physiology, or the whole plant in a state of life or action. In 
doing so, w r e shall first notice the substances required as food 
by plants ; then proceed to consider the function of absorption, 
or that process by which food is taken up dissolved in water ; 
and lastly, show how this fluid food is distributed through the 
plant, and altered in the leaves, so as to be adapted for the 
development of new tissues and the formation of secretions. 

Section 1. Food of Plants and its Sources. 

The various substances required as food can be only ascer- 
tained by determining the elementary composition of the parts 
and products of plants ; for as plants have no power of forming 
these elements for themselves, they must have derived them from 
external sources. 

As plants are commonly destitute of locomotion, being fixed 
to the soil or to the substance upon which they grow, or floating 
in water, they must obtain their food from the media by which 
they are surrounded, that is, from the soil, or from the air, or 
from both. In by far the majority of cases plants take up 
their food, both from the air by their leaves in a gaseous or 
yaporous state, and from the earth dissolved in water. No 
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plants have the power of taking up nutriment except in the state 
of gas or vapour, or in a fluid state. Those plants which are 
termed Epiphytes or Air Plants, as Orchids (tig. 251), derive 
their food almost entirely from the air by which they aro sur- 
rounded (see page 125) ; while Parasites (figs. 252 and 253) and 
Saprophytes essentially differ from both Epiphytes and ordinary 
plants in the fact that their food, instead of being derived 
entirely from inorganic materials, which are afterwards assimi- 
lated in their tissues, is obtained entirely or partially from the 
plants upon which they grow, that is, in an already assimilated con- 
dition, or from organic matter in a state of decay (see page 127). 

The materials of which plants arc composed, and which, as 
stated above, are either derived from the air, or the earth, or 
more commonly from both, and which consequently constitute 
their food, are of two kinds, called respectively the organic 
and the inorganic. The process of burning enables us conveni- 
ently to distinguish, to a great extent at least, the comparative 
proportion of these, and acquaints us with one of their distinc- 
tive peculiarities. Thus, if we take a piece of wood, or a leaf, or 
any other part of a plant, and burn it as perfectly as we are able, 
we find that the greater portion disappears in the form of gas 
and vapour, but a small portion of the original substance re- 
mains in the form of ash or incombustible material. Theformor 
or combustible portion is made up of what are termed the 
organic or volatile constituents, and the latter portion of the in- 
organic or earth y constituents. The term organic is applied because 
such materials especially constitute the real fabric of the plant, 
and are more essentially concerned in the formation of its proper 
products and secretions. The relative proportion of the organic 
and inorganic constituents varies in different plants ; but, as a 
general rule, the former constitute from 92 to 99 parts, while 
the latter form from 1 to about 8 parts in every 100. 

1. Hie Organic or Volatile Constituents and their Soiivcas . — 
The organic constituents of plants are, Carbon, Cxygen, Hydro- 
gen, and Nitrogen. The first three alone form the cellulose of 
which the cell-walls are composed (see page 22), and are therefore 
to be considered as constituting by themselves the proper fabric 
of the plant ; while the protoplasmic contents of the cell are 
formed of compounds of these three elements, with the fourth 
organic constituent— nitrogen. It would appear also, that two 
other elements, namely, Sulphur and Phosphorus, are necessary 
constituents of these nitrogenous cell-contents. 

These organic constituents are required alike by every species 
of plant, hence the great bulk of all plants is composed of the 
same elements, although the proportion of these varies to some 
extent in the different species, and even in different parts of the 
same plant. The following table, by Johnston, indicates ap- 
proximately the relative proportion of the organic and inorganic 
constituents of some of our vegetable food substances in 1,000 
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parts, and of the different elements of which the former are 
composed. These substances were first dried at a temperature 
of 230° Fahr. : — 



Wheat. 

OaK 

Peas. 

Hay. 

Turnips. Potatoes. 

Carbon . . 

. . 455 

507 

405 

458 

429 

441 

Hydrogen . 

. . 57 

04 

01 

50 

50 

58 

( )x ygen 

. . 430 

307 

401 

387 

422 

439 

Nitrogen . 

. . 35 

22 

42 

15 

17 

12 

Abk . . . 

. . 23 

40 

31 

90 

70 

50 


We must now make a few remarks on each of the organic 
constituents, the sources from which they are derived, and the 
state in which they are taken up by plants. 

Carbon is the element which forms the largest proportion of all 
plants ; its amount varies in different species from 40 to GO per 
cent. Thai; plants thus contain a large proportion of carbon 
may be conveniently proved by taking a piece of wood, the weight 
of which has been ascertained, and converting it into charcoal, 
which is impure carbon containing in its substance also a small 
quantity of the inorganic constituents or ash. The charcoal 
thus produced is of the same form as the piece of wood from 
which it was obtained, and when weighed it will be found to 
have constituted a large proportion of its original substance. 
As carbon is a solid substance and insoluble in water, it cannot 
be taken up in its simple state, for plants, as already noticed, 
can only take up tlieir food as gas or vapour, or dissolved in 
water. In the state of combination, however, with oxygen, it 
forms carbon dioxide which is always present in the atmosphere 
and the soil. Carbon dioxide is also soluble to some extent in 
water. Hence we have no difficulty in ascertaining the source of 
carbon and the condition and modes in which it is absorbed by 
the plant ; thus it is taken up essentially combined with oxygen 
in the form of carbon dioxide, from the air directly in a gaseous 
Btate by the leaves, and in far less quantity from the earth, dis- 
solved in water, by the roots. Sachs, however, states : ‘ The 
fact is unquestionable that most plants which contain chlorophyll 
obtain the entire quantity of tlieir carbon by the decomposition 
of atmospheric carbon dioxide, and require for their nutrition 
no other compound of carbon from without. But there are also 
plants which possess no chlorophyll, and in which, therefore, the 
means of decomposing carbon-dioxide is wanting ; these must 
absorb the carbon necessary for their constitution in the form of 
other compounds. . . . Even the food of Fungi which are 
parasitic in and on animals is derived from the products of 
assimilation of plants containing chlorophyll, inasmuch as the 
whole animal kingdom is dependent on them for its nutrition.’ 

Oxygen is, next to carbon, the most abundant organic con- 
stituent of plants ; and when we consider to what an enormous 
extent it exists in nature, constituting as it doeB about 21 per 
cent, by volume of the atmosphere we breathe, eight-ninths by 
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weight of the water we drink, and at least one-half of the solid 
materials around us and of the bodies of all living animals, we 
see that there are abundant materials from which plants' can 
obtain this necessary portion of their food. The whole of the 
oxygen required by plants as food appears to be taken up either 
combined with hydrogen in the form of water, with carbon as 
carbon dioxide, or in the form of oxygen salts. Some of the 
oxygen is therefore obtained by the roots from the soil, and some 
from the air by the leaves. 

Hydrogen, the third organic constituent of plants, as just 
noticed, forms one-ninth by weight of water, and it is in this form 
that plants obtain nearly the whole of the hydrogen they require 
as food. It does not exist in a free state in the atmosphere 
nor in the soil, and hence cannot be obtained by plants in a 
simple state. But in combination with nitrogen it forms 
ammonia, which ahvays exists to some extent in the atmospheie 
and in the excretions of animals ; and is also always produced, 
during the decomposition of animal matter. Ammonia exists in 
a gaseous state in the atmosphere, and being freely soluble in 
w r ater, the ram as it passes through the air dissolves it, and car- 
ries it down to the roots, by which oigans it is taken up. The 
roots in like manner absorb the ammonia which is contained in 
the soil. While the larger proportion of hydiogui, thcrefoie, 
is taken up combined with oxygen as w r ater, a small portion is 
acquired with nitrogen in the form of ammonia. 

Nitrogen , the fourth and last organic constituent of plants, 
constitutes about per cent, of the volume of the atmosphere, 
and is an important ingredient in animal tissues. It also exists 
in combination with oxygen as nitric acid in rain water, and in 
the soil as a constituent of the various nitrates and animal pro- 
ducts there found. Whether nitrogen can be taken up by plants 
in a free state is at present very doubtful (see page 773), though 
most probably it cannot ; for if all other necessary food materials 
be supplied to plants, but all sources of ammonia, or compounds 
of nitric acid rendered inaccessible, the albuminoids and nitro- 
genous substances generally do not increase, although the plants 
may be freely exposed to the nitrogen-containing atmosphere, 
but it is quite clear that the principal form in which it is absorbed 
is as ammonia. 

Both svlphvr and phosphorus, w r hieh, as we have noticed (page 
813), are always combined with nitrogen in the protoplasmic 
cell-contents, are obtained in a state of combination from the 
Boil. They are dissolved in the water, and are thus absorbed by 
the roots. # 

In reviewing the sources of, and modes in which, the different 
organic or volatile constituents of plants are derived and taken 
up, we see that the sources are the earth and the air, more par- 
ticularly the latter ; and that they are principally absorbed in 
the forms of carbon dioxide and water, the latter of which is not 
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only food in itself, as it is composed of oxygen and hydrogen, 
two of the essential organic constituents of plants, but it is also 
an important vehicle by which other food is conveyed to them. 

2. The Inorganic Constituent s or Ash , and their Sources . — The 
amount of inorganic matter found in plants, as already observed 
(page 813), is very much less than that of the organic. The inor- 
ganic matters are all derived from the earth in a state of solution 
in water which contains carbon dioxide, and hence we see again 
how important a proper supply of water is to plants. While the 
organic constituents are the same for all plants, the inorganic con- 
stituents vary very much in the different species of plants The 
inorganic constituents differ from the organic also, in the follow- 
ing particulars : — 1st, they are incombustible, and hence remain 
as ash, when the organic constituents are dissipated by burning ; 
and, 2nd, they are not liable to putrefaction, as is the case with 
them, under the influence of warmth and moisture. 

The inorganic constituents of plants are as follows : — Chlorine, 
Bromine, Iodine, Fluorine, Silicon, Potassium, Sodium, Calcium, 
Strontium, Magnesium, Aluminium, Manganesium, Iron, Zinc, 
Titanium, Lithium, Ca j sium, Rubidium, Arsenic, Copper, Lead, 
Cobalt, Nickel, and Barium. Some of these appear to be al- 
most universally distributed in varying proportions, but others 
are only occasionally met with. These various inorganic con- 
stituents are not taken up in their simple states, but as soluble 
oxides, chlorides, bromides, fluorides, sulphates, phosphates, 
silicates, &c. 

Although the amount of inorganic matter in plants is very 
much smaller than that of organic, still this portion, however 
small, is necessary to the life and vigorous development of most 
plants, and probably of all ; although in certain Moulds no 
inorganic constituents have been detected. 

The inorganic constituents of plants arc of great importance in 
an agricultural point of view, as it is to their presence or absence, 
their relative quantities, and the solubility or insolubility of 
their compounds, in a particular soil, that it owes its fertility or 
otherwise, and its adaptibility of growing with success one or 
another kind of plant. 

j Rotation of Crops . — The principle of the rotation of crops in 
agriculture is founded upon the fact of different plants requiring 
different inorganic compounds for their growth ; and hence a 
particular soil which is rich in materials necessary for some 
plants, may be wanting or deficient in those required by others. 
(See also Excretion by Roots , page 767.) Thus, Wheat or any 
cereal crop requires more especially for its proper growth a full 
supply of silica and phosphates ; hence it will only flourish in a 
soil containing the necessary amount of such substances. As 
growth proceeds, these constituents are absorbed in a state of _ 
solution by the roots, and are applied to the requirements of the 
plants. When the grain is ripe, it is removed as well as the 
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Btraw, and the silica and phosphates obtained from the soil will 
thus be also removed with them ; the result of this is necessarily 
except m fertile virgin soil, that these ingredients will not be 
then contained in the soil in sufficient quantities to support 
immediately the growth of the same species of plants. But by 
growing in a soil thus exhausted by Wheat, another crop of a 
different kind, such as Clover, Peas, or Beans, which requires 
either altogether different substances, or a different amount, or 
other combinations of the same substances, we may obtain a 
profitable crop ; while at the same time certain chemical changes 
will go on in the soil, and other ingredients be taken up from 
the atmosphere, and in other ways, by which the land will be 
again adapted for the growth of Wheat. 

The consideration of the above facts shows how important it 
is for the agriculturist to have some acquaintance with vegetable 
physiology and chemistry. He should know the composition of 
the various soils, and the plants which he cultivates, as well as 
the nature of the compounds required by them, and the modes 
in which they are ta^en lip, and thus be able to adapt particu- 
lar plants to the soils proper for them. If such soils do not 
contain the substances necessary for their life and vigour, he 
must supply them in the form of manures. The applications of 
chemistry and vegetable physiology to agriculture are thus seen 
to be most important, and the great practical improvements 
which have of late years taken place are mainly due to the in- 
creased interest taken in such matters, and the many admirable 
researches to which it has led. But however interesting in an 
agricultural point of view this connection may be, our necessary 
limits will not allow us to dwell upon it further. 


Section 2. Life of the whole Plant, ok the Plant in 
• Action. 

The various substances required by plants as food having now 
been considered, we have in the next place briefly to show how 
that food is taken up by them, distributed through their tissues, 
and altered and adapted for their requirements. The consi- 
deration of these matters involves a notice of the functions of 
vegetation ; these are commonly known under the names of 
Absorption, Circulation, Respiration, Assimilation, Develop- 
ment, and Secretion. 

The more important facts connected with these functions have, 
however, already been referred to in treating of the Special 
Physiology of the Elementary Tissues, and of the Root, Stem, and 
Leaves ; so that it now only remains for us in this place to give a 
general recapitulation of the functions of the plant, and to consider 
them as working together for the common benefit of the whole 
organism. It will be convenient to treat of these under the two 
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heads of, 1. Absorption, and 2. Distribution of Fluid Matters 
through the Plant, and their Alteration in the Leaves. 

1. Absorption . — The root, as already noticed, is the main 
organ by which food is taken up in a state of solution, for the 
uses of the plant. No matter can be absorbed in an undissolved 
condition ; and this absorptive power is owing to the superior 
density of the contents of the cells of the young extremities of 
the roots over the fluid matters surrounding them in the soil 
leading to the production of endosmotic action through the cell- 
walls (see page 757 and/#. 1125). 

That the roots do thus absorb fluid matters may be proved 
by a very simple experiment. Thus, if we take two glasses of 
the same capacity, and pour water into them until it is at the 
same level in each, and then put the roots of a vigorous growing 
plant in the one, and expose both in other respects to the same 
influences of light, heat, and air, it will be noticed that the 
water will gradually disappear from the glasses, but from that 
in which the roots are placed far more rapidly than from the 
other without them, and the more rapid removal in the former 
case must therefore be owing to its absorption by the roots. In 
this way we can also estimate, in some degree at least, the amount 
absorbed, which will be found to be very considerable ; commonly, 
in a few days, far exceeding in weight that of the plants which 
are experimented upon. This imbibition of liquid by the roots is 
independent of leaf-action, for, if the rootlets be healthy and the 
tissues above them filled with fluid, it will always occur ; and 
the great force of the action in stumps cut ofl* a little above the 
ground is well seen in such experiments as those of Hales (see 
page 821) and Hofmeister. But nevertheless, the amount of 
fluid absorbed by the roots is directly dependent upon the ac- 
tivity with which the other processes of vegetation are carried 
on, and more especially by the quantity of fluid matters trans- 
spired by the leaves ; indeed, absorption is directly proportioned 
to transpiration in a healthy plant, for as fluid is given ofl’ by the 
leaves, it is absorbed by the roots to make up for the deficiency 
thus produced, and therefore all stimulants to transpiration 
are at the same time exciters of absorption. When absorption 
and transpiration differ greatly in amount, the plants in which 
such a want of correspondence takes place become unhealthy; 
thus when transpiration is checked from deficiency of light, as 
when plants are grown in dark places, the fluids in them become 
excessive in amount ; whilst if the atmosphere be too dry, as is 
the case when plants are grown in the sitting-rooms of our 
dwelling-houses, transpiration is greater than absorption, and 
hence they require to be frequently supplied with water. 

The mutual dependence of absorption upon transpiration 
should also be borne in mind in the process of transplanting 
trees. Transpiration is greatest at those seasons of the year 
when plants are most abundantly covered with leaves, and when 
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solar light is most intense ; we ought not therefore to transplant 
at such periods, because, as it is almost impossible to do bo with* 
out some injury to the extremities of the roots, the amount of 
fluid absorbed may be insufficient to compensate for the loss by 
transpiration, and hence the plants will languish, or die, accord- 
ing to circumstances. By transplanting in autumn or spring, 
we do not expose the plants to such unfavourable conditions, as 
the light is then less intense, and there are no leaves from which 
transpiration essentially takes place. (For further particulars on 
Absorption, see Absorption by the Root , page 705.) 

2. Distribution of Fluid Matters through the Riant , and their 


Alteration in the Leaves . — The fluid matter thus absorbed by the 
roots (the sap , as it is called) is carried 

upwards by their tissues (Jig. 1150) ^ 

to the stem, and through its young 
portions to the leaves, &c. (as indi- 

cated by the arrows in the figure), fiSfv J T 

to be aerated and elaborated. After w M/ 

this it is returned to the stem, and T c H' , ^ 

descends probably by the inner bark * jS 1 [ 

and cambium layer of Dicotyledons to- j 

wards the roots from which it started Fl( 1Kj0 I I' 

(page 824) ; and by means of the me- “ i|j [ 

dullary rays and the general perinea- JJ - * 

bility of the tissues of which plants 
are composed, it is distributed to their 

different parts where new tissues are ^ 

being formed, and where secretions im DUgrammntir R0Cti 
are to be deposited, lhis general ot tin* torn <>t a DieotyiccU. 
distribution of the fluid matters Allowing tho distribution orHr- 
through the plant is commonly termed t^fisTiK/icat«Tiy tiT^rrmvs" 
the circulation of the sap. The fluid u, a. Roots, by uiiicb the fluid 
as it ascends is called the Asce.uLiny, 

Watery , or Crude Sap, and as it de- tho leave*, c r. </ <i. outer ror- 
Bcends, the Descending or Elaborated tjoim ot stem ami bark whore 
Sap. Although the term Circulation VCTticirwrtiiiii of a branch, 
is thus commonly applied to this (After itaifour.) 

movement of the sap, it must be borne 

in mind, that the process bears no analogy to the circulation ot 
the blood in animals; for plants have no heart or any organ of an 
analogous nature to propel their fluid matters, nor any system of 
vessels in which a flow thus produced takes place. As Professor 
Johnson has well put it, ‘ nutrient substances in the plant are 
not absolutely confined to any path, and may move in any 
direction. The fact that they chiefly follow certain channels, 
and move in this or that direction, is plainly dependent upon the 
structure and arrangement of the tissues, on the sources of 
nutriment, and on the seat of growth or other action. 

Ascent of the Sap.— The sap in its ascent to the leaves 
3 Q 2 
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l>asses principally through the young wood-cells and vessels 
(page 760), and therefore in Dicotyledons, when they are of 
any age, through the outer portion of the wood or the alburnum. 
In such plants, also, we have but one main stream of ascending 
sap. In the stems of Monocotyledons and of Cormophytes the 
ascent also takes place through the unincrusted cells of the fibro- 
vascular bundles ; and hence in such plants, and more especially 
in Monocotyledons, we have a number of more or less distinct as- 
cending streams. In the lower Acotyledons, as the Thalloph} tes, 
which have no stems, there is no regular course of the sap, but 
the fluids may be noticed flowing in all directions through their 
cells, and to be more especially evident in those parts which 
are of a lax nature. 

The cause of the ascent of the sap is, as Herbert Spencer has 
well expressed it, a disturbance of equilibrium creating a demand 
for liquid. This is produced mainly by the evaporation or tran- 
spiration going on in the leaves, but also by abstraction of the 
sap by the growing tissues and bv extravasation from the vessels 
by pressure. The circulation is helped by osmotic and capillary 
action, and also, when it occurs, by any swaying motion of the 
branches causing intermittent pressure on the vessels. In the 
winter no transpiration takes place, and the wood of the stem 
and roots is filled with watery matters holding starch and other 
insoluble substances in suspension. The fluids of the plant are 
therefore m a nearly quiescent state, as there are no changes 
then taking place to produce their distribution. When the 
increased heat and light of spring commence, the insoluble 
starch, &c., become converted into soluble dextrin and sugar, 
development and transpiration immediately follow, and a conse- 
quent ascent of the sap. This flow continues throughout the 
summer months, when the causes favourable to it are in full 
activity ; but towards the autumn, as heat and light diminish 
again, the force of the ascent also diminishes, and the flow of 
sap is again suspended in the winter months from the reasons 
above alluded to. 

The force with which the sap ascends is probably greatest in 
the summer months, when heat and light are most intense, and 
when vegetation is consequently most active ; and least in the 
winter. At first sight it would appear, that the most rapid flow 
of the sap was in the spring months, at which period alone plants 
will give oft’ much fluid, or bleed as it is commonly termed, when 
their stems are wounded. But this bleeding arises from the 
vessels as well as the prosenchymatous cells being then filled with 
sap, so that the whole plant is, as it were, gorged with it : much 
of the sap which at that period flows is indeed little more than 
water rapidly pumped up from the soil to supply the drain of 
fluid. But as soon as the leaves are in full activity, or the 
flowers, if they be developed before the leaves, the sap becomes 
rfcgiidly absorbed, and the current is soon confined to its proper 
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channels, and the stems no longer bleed. (See Function* < f 
Pi-osenchymatous Cells avA Vessels, page 760.) It by no meaiw 
follows, therefore, that when the plant is most gorged with fluid 
matters, and bleeds, the force of the circulation is most active • 
but rather that it is greatest when the stem is least gorged with 
sap, asm the summer months, when vegetation is in full vigour, 
and the sap consumed as fast as it can be transferred upwards 
through the stem. 1 

In a healthy plant in a perfectly normal 
state, the amount of fluid absorbed by the 
roots, the force with which it ascends to 
the stem, and the amount transpired by 
the leaves, are directly proportionate to 
one another. 

The force of the ascent of the sap was 
measured by Hales in the stem of the Vine 
by the apparatus represented in Jig. 3 151 , 
where a represents a vine stock, to the 
transverse section of which is attached a 
bent glass tube, d cfy, by means of a copper 
cap, b , a piece of bladder, and a lute, o. 

The bent tube being filled with mercury to 
the level, e /, at the commencement of 
the experiment, the force of the sap was 
readily calculated by the fall of the mercury 
in one leg of the tube d e </, and its corre- 
sponding rise above / in the other leg. In 
this way he found, that in one experiment 
the force of the ascent was sufficient to 
support a column of mercury 324 inches 
in height. He also calculated from his 
experiments on the Vine, that the force 
w T ith which it rises in this plant is nearly 
five times greater than that of the blood 
in the crural artery of a horse, and seven 
times greater than that of the blood in the 
same artery of a dog. In some experiments 
of Brucke on the force of the ascent of the 
sap in the spring in the Vine, he found 
that it was equal to the support of a column 
of mercury 174 inches high. Hales’ experi- 
ment is, however, a measure of the force of absorption by the 
root ( root-pressure ) rather than of ascent of the sap (see pages 7fi8 
and 818). 

As the fluid rises in the stem it is of a watery nature, and 
contains dissolved in it the various inorganic matters in the 
same state nearly in which they were absorbed by the roots. It 
also contains sugar, dextrin, and some other substances which it 

dissolved in its course upwards, though no starch, chloro- 


j'uf. llfil. Apparatus om 
ployed by If ales to sho>v 
th< force of the h»o< nt 
of the sap. a. Cut vino 
tock ; I). A copp< r tap, 
which is eecuicd to the 
stmk by means of a 
piece of bladder and 
lute, < ; </, e, /, g, bent 
glass tube attached to 
the coppi r cap. and con- 
taining mercury, the 
level of which, at 1 1 o 
< ommencement of the 
< xjieiiment, is marked 
by e./, and at the con- 
clusion in one leg of the 
tube, by g ; and hence 
tin mercery in the other 
leg must have n»en in a 
corresponding degree to 
its dipre^iou in ihe 
former. 
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phyll, or colouring matters generally are found in it. But 
although the sap in its passage upwards thus becomes more and 
more altered from the state in which it was absorbed by the roots ; 
when it reaches the leaves it is still un6tted for the requirements 
of the plant, and is hence called Crude Sap. It undergoes certain 
changes in the leaves and other green parts, by wliich it becomes 
altered in several particulars, and is then adapted for the uses of 
the plant. In this state it is termed Elaborated Sap. 

Changes of the Crude Sap in the Leaves. — The changes which 
the crude sap undergoes in the leaves and other green parts by 
the action of light and air have been already alluded to in treating 
of the Functions of Leaves ; it will be here, therefore, only 
necessary to state in what those changes essentially consist. 
They are : — 1st. The transpiration of the superfluous fluid of 
the crude sap in the form of watery vapour, by which it be- 
comes thickened. 2nd. The taking up from the air of oxygen 
and giving off of carbon dioxide, small quantities of water being 
probably formed at the same time, to which the term Respira- 
tion is now applied. The oxygen thus taken up in respiration 
is necessary to the vitality of the protoplasm, as also for the 
oxidation of nutrient matters during the process of metastasis, 
Ac. Respiration is most evident during the night, for the large 
quantity of oxygen given off' during the day m the process of 
assimilation completely obscures the former change. 3rd. The 
absorption and decomposition of carbon dioxide, by which carbon 
— that most important constituent of plants —is added to the 
crude sap whilst oxygen is evolved, carbohydrates being at the 
same time produced. To this the term Assimilation is applied. 
The carbohydrates so formed may be starch, fat, or cane sugar, 
but more especially starch. A further process is found to take 
place in some of the assimilated substances ; thus they may 
change their position, passing from the cells in which they were 
formed to others, generally also undergoing at the same time a 
change in their chemical composition ; wliich combined changes 
are termed metabolism or metastasis . The differences between 
assimilation and metastasis may be seen in the Potato, where by 
the former process starch is formed in the chlorophyll bearing 
leaves, which in its turn is converted into a glucoside in the stem 
and branches, and back again into starch in the tubers by meta- 
stasis. The crude sap being thus altered, contains in itself 
various nitiogenous and non-nitrogenous matters which are re- 
quired for the development of new tissues (Development), and 
the different secretions (Secretion). It is then termed Elaborated 
Sap. 

Those matters which are necessary for development or growth 
are termed constructive materials , whereas those which are formed 
by metastasis and which are not constructive — may be divided 
into two groups — 

I. Degradation products , such as wood and cork, wliich can 
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never be reconverted into constructive materials, though of the 
greatest use to the plant in giving mechanical support ; pro- 
tecting the internal living tissues from frost, enabling plants 
to withstand the scorching heat of the sun, and in other ways. 
Many gums, as tragacanth, gum arabic, and others ; and gum 
resins, as myrrh and bdellium ; are also formed from the cell- 
walls, &c., of different plants, and are, therefore, other examples 
of such products. 

2. Secondary products of metastasis , some of which, as sweet 
secretions, &c., are necessary for the perpetuation of tlio species, 
by attracting insects and so furthering fertilisation ; while some 
— as ethereal oils, resins, colouring matters, and many acids and 
alkaloids— appear to be of no further use to the plant. 

The important influences which these changes in the leaves 
have in promoting the purity of the atmosphere we breathe (page 
776), the healthiness or otherwise of a particular country * (page 
772), and the fertility or barrenness of a soil (page 772), have 
likewise been already noticed. We have also seen, that in order 
that these changes may be properly performed, the leaves must 
be freely exposed to light ; and from this dependence of assimila 
tion on light, it follows, as we have noticed (page 778), that when 
the secretions of particular plants, which are otherwise agree- 
able, are injurious, or of unpleasant flavour, they can, by growing 
them in darkness or in diminished light, be made fit for the table, 
as is the case with Celery, Sea Kale, Lettuce, Endive, and others. 
For the same reason the plants of warm and tropical regions, 
where the light is much more intense than it is in this country 
6r in other cold and temperate regions, are commonly > remarkable 
for the powerful nature of their secretions, as is well illustrated 
by the stronger odours of their flowers, and the richer flavours of 
their fruits. (See also 4 Electricity of Plants,’ p. 828.) 

Again, as the formation of secretions depends upon the in- 
tensity of light, it frequently happens that when a plant of a warm 
or tropical region which naturally produces a secretion which 
may be of great value as a medicinal agent, or useful m the 
arts, is transported to this or any other chmatc m which the 
iutensitv of the light is much less than it is m its native countiy , 
the secretion is not formed at all, or in diminished quantity. 
Even if such plants be placed in our ^ 

mav be submitted to the same degree of heat which they obtain 
naturally in their native countries, their secretions are either not 
farmed all 1 or 1 in diminished amount, because light is the 


* The neighbourhood of the 
Eucalyptus has been planted, may 


monastery of La Trappe, where the 
be cited as an example. 
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hot-houses, is the want of a proper and incessant supply of fresh 
air to facilitate transpiration, Ac. 

The above facts are of great interest, as they have an impor- 
tant bearing upon the growth of plants and fruits for the table, 
as well as in a medicinal and economic point of view. At pre- 
sent, however, much remains to be discovered, before we can be 
said to have anything like a satisfactory explanation of the 
causes which influence the formation of the secretions of plants ; 
for it is found that the same species of plants when grown in 
different parts of Great Britain, where the cliinatal differences 
are not strikingly at variance, or even at the distance of a few 
miles, or in some cases a few yards, frequently vary much as re- 
gards the nature of their peculiar secretions. A striking illus- 
tration of this fact is mentioned by Christison, who found that 
some Umbelliferous plants, as CAcnta virosa (Water Hemlock), 
and (Enanthe erocata (Hemlock Water Dropwort), which are 
poisonous in most districts of England, are innocuous when 
grown near Edinburgh. The causes of such differences are at 
presont obscure, but the varying conditions of soil and moisture 
under which plants are developed have doubtless an important 
influence upon their secretions. In a pharmaceutical point of 
view, so far as the active properties of the various medicinal pre- 
parations obtained from plants are concerned, this modification 
in their secretions by such causes is of much interest, and would 
amply repay investigation ; for it cannot be doubted, but that each 
plant will only form its proper secretions when grown under those 
circumstances which are natural to it, and that consequently any 
change from those c< nditions will modify in a corresponding de- 
gree the properties of the plant. Probably here we have an ex- 
planation, to some extent at least, of the cause of the varying 
strength of the medicinal preparations obtained from the same 
species of plants when grown in different parts of this country, 
or in different soils, Ac. 

Descent of the Sap .— After the crude sap has been transformed 
in the manner already described, it passes from the leaves to the 
stem, probably to the inner-bark, and cambium-layer of Dicoty- 
ledons ; and apparently to the paronchymatous tissues generally 
of the stems of Monocotyledons and Cormophytes. It then 
descends in the stems of the several kinds of plants as far as the 
root, and in its course affords materials for the development of 
new tissues and the production of flowers and fruit ; and at the 
same time undergoes further changes owing to metastasis, and 
deposits its various secretions, Ac. (page 822). Hoffmann, in 
his experiments upon Ferns, however, could not find any path 
by which the elaborated juices descended in the stem. 

That the elaborated sap in Dicotyledons descends through the 
inner-bark and cambium-layer is commonly believed, and several 
facts seem to support this belief. Thus, the formation of wood 
is obviously from above downwards, for when a ligature is tied 
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tightly round the bark of an Exogenous stem, or more especially 
if a ring of bark be removed, no new wood is produced below 
the ligature or ring, while there will be an increased development 
above it, or roots will be produced there. Again, it is well 
known, that by removing a ring of bark from a fruit tree, a 
larger quantity of fruit may be temporarily obtained from that 
tree, owing to the greater amount of nutritive matter which then 
becomes available for the use of the reproductive organs (see 
page 803). Another circumstance which appears to show the 
line of descent of the nutritive matter, is the fact, that if the 
cortical parts of the stems of a Potato plant be peeled off, the 
formation of tubers is prevented. It appears that the descending- 
sap supplies the material for the formation of new wood in the 
fibro- vascular layers ; its course, as well as by the latticed vessels, 
sieve-tubes, &c. , is also lateral ; for in autumn starch grains are 
found in the medullary rays between the wedges of developed 
wood ; and where growth is going on, even an upward direction 
may be assumed. Herbert Spencer, however, argues that the 
retrograde motion of the sap is through the same channels — 
chiefly, as he believes, the vessels of the newest wood —by which 
it passed up. He considers that this descent takes place in 
response to a demand for liquid by the stem and roots when 
evaporation from the leaves is at a standstill, as at night. As 
far as the leaf-petioles are concerned, the back current must bo 
along much the same tissues as the upward flow ; but probably 
the liber-cells of the petiole are the main channel, and these are 
directly continuous with the inner- bark of the stem. 

Spencer has also described and figured (Linn. Soc. Trans- 
actions, xxv.) cellular masses which he finds at the termination 
of the vascular system in the lower layer of parenchyma 
in many leaves, and which he considers to be undoubtedly 
absorbent organs by which the elaborated sap is abstracted from 
the leaves ; his conclusions, however, require confirmation. 

The opinions of observers vary much as to the offices of the 
different parts of plants ; for instance, Mulder considers that all 
nitrogenous matters are not only absorbed by the roots, but 
also assimilated by them at once, while carbon is fixed by the 
green parts ; so that a constant interchange must take place 
between the leaves and roots. Other authors, again, believe 
that the leaves form all the organic substances. ^While Sachs 
says : ‘ By the parenchyma of the fundamental tissue, which 
always has an acid reaction, are conveyed the carbo-hydrates 
and oils ; by the soft bast the mucilaginous albuminoids, which 
have an alkaline reaction. ’ 
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CHAPTER 3. 

SPECIAL PHENOMENA IN THE LIFE OF THE PLANT, 

1. Development of Heat by Plants. — As the various parts 
of living plants are the seat of active chemical and other changes 
during their development, and in the performance of their dif- 
ferent functions, we might conclude that their temperature 
would rarely or ever, under natural circumstances, correspond 
with that of the atmosphere around them. 

We have already noticed, that during the germination of seeds 
a considerable development of heat takes place (page 810). This 
is more especially evident when a number of seeds germinate 
together, as in the process of malting. The development of heat 
in dowering has also been alluded to (page 780). The rise of 
temperature which thus occurs in the processes of germination 
and dowering is due, without doubt, essentially, to the produc- 
tion of carbon dioxide. We have still to inquire, whether the 
ordinary vital actions which are going on in plants are calculated 
to raise or diminish their temperature. 

The experiments of Hunter, Selioepf, Bierkander, Maurice, 
Pictet, and more especially of Schiibeler, lead to the conclusion 
that the trees of our climate with thick trunks exhibit a variable 
internal temperature, being higher in the winter and at sunrise 
than the surrounding atmosphere— that is, at periods of great 
cold, or of moderate temperature ; and lower in the summer or 
at mid-day — that is, at periods of great heat. In no observed 
cases were such trees noticed to possess exactly the temperature 
of the atmosphere around them. The experiments of Reaumur 
on trees with slender trunks exposed directly to the sun’s rays 
showed a considerable increase of temperature in them over the 
external air. These experiments of Reaumur are, however, by 
no means satisfactory. 

The temperature of trees under the above conditions depends 
upon various causes, such as the sun’s rays, the amount of eva- 
poration, chemical changes which take place during assimilation, 
<fec. , the conducting powers of the wood, and particularly upon 
the temperature of the soil in which the plants are grown. In 
the active periods of the growth of plants, when evaporation is 
constantly going on, and the fixation of carbon taking place, 
both of which processes are accompanied by a diminution of 
heat, it is evident that such changes must have some effect in 
modifying the temperature ; and hence if, at such periods, their 
temperature be above that of the surrounding air, that it is due 
to external influences, such as the sun’s rays, and the tempera- 
ture of the soil, &c. This probably explains, to some extent at 
least, why the temperature of thick trees exposed to great heat 
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is lower than that of the surrounding air, for at such a period 
vegetation is in a very active condition, evaporation and assimi- 
lation being then in full play. Again, when the temperature of 
the air js low, as in winter or during the night, but little or no 
evaporation or assimilation takes place, and hence we find that 
the temperature is then higher than that of the external air. 

The conclusions in the last paragraph do not, however, alto- 
gether agree with the published result of experiments made by 
Dutrochet ; for he found, by operating with Becquerel’s thermo- 
electric needle, that when plants were placed in a moist atmo- 
sphere so as to restrain evaporation, a slight increase of tempera- 
ture took place, thus seeming to prove that the chemical changes 
taking place in plants produced a rise rather than a diminution 
of temperature. Probably this slight increase of heat under 
such circumstances is due to the oxidation or combustion of a 


portion of the carbon of the plant. But Dutrochet found 
that when evaporation w r as allowed, the proper vital or specific 
heat of plants was slightly below that of the atmosphere. He 
also noticed that the heat of plants varied during the course of 
twenty-four hours, the hour of maximum temperature varying 
from ten in the morning to three in the afternoon, the minimum 
occurring at midnight. The variation in such eases was how- 
ever extremely small, being only from about one-tenth to a 
little over one-half a degree of Fahrenheit. This specific heat 
of plants could only be observed in green and soft structures, 
those which were hard or woody not possessing any specific heat. 

The above is but a brief summary of the conclusions which 
have been at present arrived at with regard to the development 
of heat by plants, and these are by no means of a satisfactory 
nature. Much further investigation is required upon this matter. 

In connection with the subject of heat developed by plants 
may be mentioned the researches of Boussingault, Alphonse de 
Candolle, &c., as to the temperatures required by different 
plants to stimulate them into vegetative or reproductive activity. 
That a certain sum of heat is required for the proper develop- 
ment of a plant has long been known, also that the life-history 
of some plants (as Wheat) will be completed in a shorter time in 
hotter than in more temperate climates. . . . 

2. Luminosity of Plants. —Very little is positively known 
respecting the development of light by plants. But it seems 
tolerably well ascertained, on the authority of Humb()ldt, Noes 
von Esenbeck, Unger, Drummond, and others, that the thalli 
of some living Fungi are luminous in the dark. This lu,,u ™?*? 
has been noticed in several species of Agar tens and the 80H ; a “?“ 
Rhizomorpha. According to Prescott, the mycelium of the 
common Truffle is also luminous in the dark. 

The statement that certain Mosses, as Sehistostega o«mundacea 
and Mnium punctatum, were phosphorescent, appears to have 
been founded on imperfect observation. 
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With regard to the development of light by the higher 
classes of plants, we have at present no very satisfactory obser- 
vations to depend upon. It has been repeatedly stated, that 
many orange and red-coloured flowers, such as those of the 
Nasturtium, Sunflower, Marigolds, Orange Lilies, Red Poppies, 
&c . , give out, on the evening of a hot day in summer, peculiar 
flashes of light. This peculiar luminosity of orange and red 
flowers is now commonly regarded as an optical illusion, and 
the fact of such luminosity having been only noticed in flowers 
with such bright and gaudy tints, appears strongly to favour 
such a conclusion. 

The rhizomes of certain Indian grasses have been reported to 
be luminous in the dark during the rainy season ; and Mornay 
and Martius have observed, that the milky juices of some plants 
were luminous when exuding from wounds made in them. 
Martius also states, that the milky juice of Euphorbia phosphotca 
is luminous after removal from the plant, when it is heated. 

3. Eleotkicity of Plants. — Disturbances of electrical equi- 
librium are undoubtedly connected with the various chemical 
and mechanical changes which take place in plants. By the 
medium of a galvanometer, Ranke, Velten, Burdon Sanderson, 
and others have demonstrated that there exists in plants an 
electric current from the transverse to the longitudinal section 
of a vegetable fibre, similar, but in the contrary direction, to 
that shown by Du Bois Reymond to exist in the muscles, &c., of 
animals. It is also found that the internal tissue of land plants 
is always electro- negative to the cuticnlarised surface. 

The Effect of the Electric Liyht on the Growth of Plants and 
Production of Chlorophyll. — Recent experiments made by Dr. 
Siemens seem to prove that the electric light aids the growth 
of plants, produces chlorophyll, increases the brilliancy of 
flowers, and promotes the ripening of fruits. By sowing seeds 
of rapidly growing plants and ex|>osing them to the same con- 
ditions with the exception of light, he found that those grown 
in the dark were etiolated and soon withered ; those exposed to 
daylight with a fair share of sunlight were vigorous, and of a 
good green colour ; but those exposed to the electric light for six 
hours per day only, being in darkness the other eighteen hours, 
were vigorous though less green ; while those exposed to day- 
light and electric light successively, were the most vigorous, and 
the green of their leaves of a darker hue. This shows that 
plants may fora time grow continuously without rest, i.e. without 
sleep ; but for what length of time this endurance would con- 
tinue further experiments are required to prove. The electric 
light seems therefore to affect plants in a similar manner to the 
continuous summer sun in northern latitudes, where Dr. 
Schiibeler found that the arctic sun caused plants to produce more 
brilliant flowers and richer and larger fruit than if the same 
plants had been grown with an alternation of light and darkness. 
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4. Movements of Plants.—' Three kinds of movements have 
been described in plants 1. Motions of entire plants, such as 
those which occur in the Oscillatoriete, Diatomen), and some 
other forms of the lower Algie ; and of parts, e.g. the spermato- 
zoids, connected with the reproductive processes m some of the 
lower kinds of plants. The locomotive power thus possessed by 
some of the lower Algae is a marked deviation from what ordi- 
narily occurs in plants. 2. Movements produced in parts of 
plants which are dead, or which, at least, have lost their active 
vitality. . Such movements may be noticed in almost all the 
great divisions of plants, and are more or less connected with 
some reproductive function. We include here the bursting of 
anthers in the higher classes of plants, and that of spore-cases 
in the lower ; the dehiscence of fruits, the separation of the 
component carpels from each other in the Eunhorhiacem and 
Geraniaceaj, and many other phenomena of a like nature. 3. 
Movements which occur in the living paits of plants when in an 
active state of growth, Arc. 

The first two classes of movements lia\e been already alluded 
to in various parts of this work. The movements of the first 
class appear to depend upon a rotation of the proto] >lasmic 
cell-contents, the cause of which is at present unexplained ; 
or to the presence of cilia upon their surfaces. Movements of 
the second kind are entirely mechanical, and produced by the 
varying conditions of the different tissues as to elasticity and 
power of imbibing moisture. 

The third kind of movements must be more particularly 
noticed. They only occur during active vegetation. The 
directions taken by organs properly come under tliis head. But 
this matter, so far as the plumule and radicle are concerned, 
has been already noticed (page 810). With regard to the 
stem the extensive researches of Darwin on Twining Plants 
and Tendrils are full of interest. The ends of such organs have 
the power of spontaneously revolving ; and this they constantly 
do, usually from right to left, once in about two hours ; to this 
action Sachs has applied the term of revolving nutation f which 
Darwin proposes to simplify into that of circnmnvtation. So 
soon as the organ meets with a support its motion is arrested, and 
it becomes spirally twined round by the arrest of the movement 
of successive portions. Tendrils contract spirally soon after they 
have laid hold of a support, and so draw up the stem to which 
they are attached. The remaining movements belonging to this 
class have been divided by Schleiden in the following manner : — 

1. Movements which evidently depend on external influences. 

These are divided into two : — 

a. Periodical. h. Not periodical. 

2. Movements independent, at least to some extent, of ex- 

ternal influences, which are also divided into two : — 
a. Periodical. Not periodical. 
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(1.) Movements depending on External Influences. — a. 
Periodical . — Under this head we include such movements as 
those of certain leaves and the petals of flowers, which occur 
at particular hours, the organs remaining in the new position 
thus taken up until the return of a particular period, when they 
resume as nearly as possible their original position. In leaves, 
these periodical movements consist in the closing up of such 
organs towards the evening and their expansion m the morning. 
In the petals of flowers great differences occur in opening 
or closing at particular hours of the day ; and, by observing 


Fig. 11.V2. 



Fig. 1162. Ntcotiana gJauca. a. Shoot*? with leaves expanded during the 
day. B. The same asleep at night, (After Darwin.) 

these changes in a variety of flowers, Linnaeus and others have 
drawn up what has been termed a floral clock. This periodical 
closing up of leaves and flowers has been called the sleep of 
plants. The compound leaves of certain Leguminosse and 
Oxalidacese are marked illustrations of these periodical move- 
ments, which are probably all indirectly dependent upon the 
varying conditions of light to which the parts of the plant in 
which they occur are exposed. All these movements Darwin 
considers to be due to modified circumnutation. This author 
Says ( l Movements of Plants,’ p. 395) : * In Lnpvnus the leaflets 
move either upwards or downwards ; and in some species (for 
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instance, L. lutevs ), those on one side of the star-shaped leaf 
move up, and those on the opposite side move down ; the inter- 
mediate ones rotating on their axes ; and by these varied move- 
ments the whole leaf forms at night a vortical star, instead of a 
horizontal one as during day. Some loaves and leaflets, besides 
moving either upwards or downwards, become more or less 
folded at night, as in Banhinia and in some species of Oxulix, 
The positions, indeed, which leaves occupy when asleep are 
almost infinitely diversified : they may either point vertically 
upwards (fig. 1152, b) or downwards (fig. 1153, it); or, in the 


Fig. 1153. 
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Fig. 


1163. Desmodium gyrafis. A 
girrilur stem with leaves 


. Stein with haves during the day. 
asleep at night. (After Darwin.) 


13 . A 


case of leaflets, towards the apex or towards the base of the leaf, 

" ■««*. if** 

are effected in two different w'ays— firstly, by alternately in- 
creased growth on their opposite sides, preceded by an increased 

tumescence of their cells" and secondly ^^foVlhfrSv 
nr aerffreeate of small cells, generally destitute of chlorophyll, 

sides, and this turgescence is not followed by growth except 

d Tfi ^SS.-st/mS'an.nt. ™ «hibM » « 
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ber of plants both in the leaves and in their reproductive organs. 
In the leaves they are well seen in certain species of Oxalis , 
Mhnosa (fig. 368), in Di^nsea muscipula (fig. 370), &c. In the 
reproductive organs they may be noticed in the curving inwards 
or outwards of the stamens of certain plants, such as those of 
Berheris vulgaris and other species, Paiietaria judiaca, Helian- 
themum vulgare and other Cistaceae ; also in the stigmas of the 
Lobeliaceae, and in the style of Ooldfussia anisophylla , &c. All 
the above movements are produced by external agency, such as 
the action of insects, the agitation caused by the wind, &c. 
Other movements which fairly come under this heading, and 
which, like the nyctitropic movements, are by Darwin regarded 
as being due to modified circumnutation, are positive and negative 
heliotropism , positive and negative geotropism , &c. 

Positive heliotropism is the growing towards the source of 
light. It has been long known that plants grown in comparative 
darkness increase in length more rapidly than those exposed to 
a stronger light — i.e. that light appears to have a retarding in- 
fluence on growth — therefore, where a plant or part of a plant 
exhibits positive heliotropism, it is found that the part away 
from the light has attained a greater length than that towards it. 

Some few vegetable organs, as the stem of Ivy, and many roots, 
exhibit 'neqative heliotropism , where, as they grow away from 
the light, the parts next the source of illumination grow most. 

Positive geotropism or gravitation is the term applied to the 
force which influences the direction of growth of most roots, 
especially of primary roots, which usually point directly down- 
wards to the centre of the earth. 

Neqative geotropism , on the other hand, signifies the direction 
taken by most stems, trees, &c., being exactly opposite to that 
sought by the roots— i.e. upwards, or away from the centre 
of the earth. 

As the terms positive and negative heliotropism and of posi- 
the and negative geotropism are frequently used carelessly, the 
qualifying expressions positive and negative being frequently 
omitted, Darwin adopts the term heliotropism in the sense of 
bending towards the light ; apheliotropism for the contrary direc- 
tion, i e. away from the source of illumination ; and, in the same 
manner, geotropism to imply towards the earth, and apogeo- 
tropism for bending in opposition to gravity, or from the centre 
of the earth. 

In addition to the foregoing terms, diaheliotropism is some- 
times used to express a position more or less transverse to the 
light which induced it ; and diageotropism to a similar position 
with regard to the radius of the earth. 

Irritability . — It has been already stated that some move- 
ments of plants are dependent upon the agency of insects. But 
though it has long been known that insects thus induce 
movements in certain plants, such as Drosera , JJionxa, Ne- 
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these movements are Fio lm 

caught, serve for nutri- 


tion, being dissolved 
and absorbed. It has 
been also demonstrated 
that this solution of ni- 
trogenous matters is 
due to the presence of a 
kind of ferment which 
closely resembles that of 
the peptic glands of ani- 
mals. It has likewise 
been proved that this 
ferment is only efficient 
when associated with 
an acid : and hence this 
solution is a true diges- 
tive process like that of 
animals. During the 
solution and absorption 
of these nitrogenous 
matters the protoplasm 
retracts from the walls 
of the cells in the form 
of a ball. I nfiij. 1154 
is shown a leaf of Dro- 
sera (Sundew) where 
some of the glands or 
glandular hairs have 
bent over and caught an 
insect. Such plants are 
now commonly termed 
carnivorous (see page 
773). 

To plants which are 
thus stimulated t o 
movement by chemical 
or mechanical means, 
the term irritable is ap- 
plied ; thus it is by rea- 
son of their irritability 
that the leaves and 
stems of the Sensitive 



Fiq. 1154. Loaf of Drotera, showing a Fly caught by 

the lncmved glands. Fig. 1155. A portion 

of a branch, with a leaf of Desmodium qxnnns. 
The leaf consists of a large terminal leaflet, 
and two smaller lateral ones, b, b. There are also 
two other rudimentary leaflets, marked c near the 
terminal leaflet. 


plants {fig. 368) droop 
on contact with any foreign body. 

3 H 
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(2.) Movements independent, at least to some extent, of 
external Tnfluences. — a. Periodical . — These movements are 
seen in some of the leaflets of certain tropical species of 
Desmodium , and more especially in those of Desmodium gyrans 
(Jig. 1155). The leaf in this plant is compound, and bears three 
leaflets ; the terminal one, a , being much larger than the two 
lateral ones, b, b. There are also two other rudimentary leaflets, 
marked c, near the large terminal one. This large terminal 
leaflet, a, when exposed to the influence of a bright light, 
becomes more or less horizontal, but it falls downwards on the 
approach of evening (Jig. 1155, a). This movement is clearly 
analogous to the sleep of plants, and, therefore, comes under 
the head of movements depending on external influences, 
as previously described (page 830). But the lateral leaflets, 5, 
b, exhibit a constant movement during the heat of the day, 
advancing by their margins towards the large terminal leaflet, 
and then retreating towards the base of the common petiole. 
This movement takes place first on one side and then on 
the other, so that the point of each leaflet describes a circle. 
The movements resemble those of the arms of the old semaphore 
telegraphs, and hence this plant has been termed the Telegraph 
plant. They go on to a less extent even in the dark, and are 
most evident when the plants are in a vigorous state of growth, 
and when exposed to a high temperature. No satisfactory ex- 
planation has yet been given of the direct cause of this move- 
ment. Similar movements liave been observed in the radicles 
of many plants. 

b. Not periodical. — These movements occur in the reproduc- 
tive organs of a large number of the Phanerogamia. The 
stamens sometimes curve inwards separately towards the stigma, 
as in Bata graoeolens (Jig. 606), and Parnassia palustris ; or in 
pairs, as in Saxifraga tridactylites. They afterwards commonly 
return as nearly as possible to their former position. In Par- 
nassia the arrangement appears to be one adapted, as the anthers 
are extrorse, to prevent self-fertilisation (see page 800). In 
Passijlora , Nigella sativa, certain Onagraceoe and Cactacete, &c . , 
the styles move to the stamens ; while in other Onagraceae and 
certain Malvaceae, &c., both styles and stamens move towards 
each other. No explanation of a satisfactory nature has been 
given of the cause of these movements, but their object is 
doubtless to assist in the process of fertilisation. 

5. Odours of Plants. — These are very various in kind, many 
being highly agreeable, others excessively offensive, while others 
again, though pleasant in small quantity, become disagreeable 
in larger amount. The source of the particular odour is often 
a volatile oil or other product contained in the glands or re- 
ceptacles of secretion of the plant ; but in some cases no 
such origin is found, and the source of the odour is unknown, 
whilst its nature defies analysis. It is generally considered 
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that smell is due to the giving off of minute particles into the 
air ; Morren, however, from observations on the flowers of 
Orchids, was led to the inference that in some cases it depended 
on a physiological cause. He observed that the aromatic odour of 
Maxillaria, which continued to be exhaled so long as the flowers 
were unfertilised, was lost a little while after pollen was applied 
to the stigma. 

Though chiefly developed under the influence of solar light, 
there are not a few plant-odours which are given off in the 
evening or at night. Several Orchids, Cestnun nocturnum , He, s- 
peris tristis , Lychnis vc s pert ina, and CertVH yrandijionis are ex- 
amples. In the last-named plant, the odour is given out in 
intermittent puffs. 

There seems to be a connection between the colour of the 
flowers and their odour ; thus it has been observed that white 
flowers are very frequently fragrant, whilst brown and orange 
ones have often a foetid smell — the so-called Carrion -flowers 
( Stapeliar ), certain Avoids, some Balanophoraceie, and the situ 

being examples. The flowers of Monocotyledons are more often 
odorous than those of Dicotyledons. 
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anu thus the Index may be also used as a Glossary. 


Abaxtlk embryo, 339 
Abortion, 362 
Abortive, 234 
Abrupt root, 134 
Abruptly pinnate, 168 
Absorption, 757, 818 

— by the root, 765 
Acaulescent, 70 
Accessory buds, 104, 10G 
Accrescent, 222 
Accumbent, 338 
Acerose, 1 64 
Achienium, 305 
Achene, 305 
Achlamydeous, 17, 352 
Acicular 167 
Acicular raphides, 32 
Acinaeiform, 167 
Acotyledonous, 333, 355 

— leaves, 184 

— roots, 129 

— stem, 74, 97 

— venation, 155 
Acotyledones, 12, 833 
Aerogenous, 72 

— stem, 74, 97 
Acropetal, 1 95, 203 
Acropetally, 103, 195 
Acuminate, 163 
Acute-pointed, 163, 223 
Arlelphous, 248 
Adherent calyx, 220 

— ovary, 272 

— stipules, 177 
Adhesion, 348 
Adhesive attraction, 758 
Adnate anther, 240 
Adnate filament, 240 

— stipules, 177 
Adnation, 348 


Adventitious buds, 104, 
105 

— root, 123, 125 
JEcidia, 372 
Ecidium fruits, 372 
Aerial bulbs, 119 

Aerial leaves, structure of, 
137 

— roots, 123 

— stems, 112 
Estivation, 151, 211 
Etbalium, 2 
Agave, 756 

Age ot endogenous trees, 96 

exogenous trees, 81 

Aggregate fruits, 306, 313 
Air cavities, 68, 765 

— cells, 765 

— plants, 125 
Aim, 226 
Albumen, 20, 331 
Albuminous, 331 
Alburnum, 80, 768 
Aleuione grains, 34 
Algre, 382 

Alternate leaves, 142, 144 
Alternation of generations, 
359, 360, 793 
Althaea, 758 
Amentaceous, 196 
Amentiferous, 196 
Amentum, 196 
American aloe, 756 
Ainphisarca, 308 
Amphitropous, 323, 340 
Amplexicaul, 141, 175 
Anacharis, 759 
Anatropous, 323 
Androecium, 17, 231, 245 
Androphore, 249 


Anrlrospore, 389 
Androus, 246 
Ancmophilous, 20 
Angiospemmi, 11 
Angiosjarmous, 317, 793 
Angular divergence, 145 
Amsomerons, 346 
Anisostomenous, 215 
Annual lasers ot \*ood, 
77 

— leaves, 135 

— roots, 128 
Annular cells, 43 

— vessels, 50 
Annulate, 357 
Annnlrttcd root, 132 
Annulus, 357, 366, 374 
Anomalous leaves, 179 
Anthela, 200 
Antheridia, 9, 359 
Anther, 18, 234, 137 
Antberozoid, 9, 364, 367 
Anthesis, 210 
Anthocarpous 313 
Anthoceros, 755 
Antbodium, 200 
Anthotaxis, 184 
Antitropous, 340 
Apetaloid, 223 
Apetalous, 352 

Apex ol leaves, 135, 162 
Apheliotropism, 832 
Apical cell, 767, 769 

— style, 279 

— dehiscence, 244 
Apicilar, 279 
Apicular, 800 
Apiculate fruit, 287 
Aploi^eristomous. 369 
Apocarpous, 19, 2t0, 266 
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Apocarpous, fruits, 290, 
302, 304, 313 
Apogeotropism, 832 
Apophysis, 866 
Apothecia, 378 
Appendages of the epider- 
mis, 60 

calyx, 221 

corolla, 230 

petals, 222 

Appendiculate, 242, 243 
Arohegonia, 9, 359, 363 
Aril, 328 
Arillode, 329 
Arillus, 828 

Arrangement of leaves, 
142 

Arro\v-9haped leaves, 167 
Articulated, 99, 135 
Articulation, 173 
A ^rending axis, 13, 70, 195, 
768 

— metamorphosis, 344 

— ovule, 318 
Ascending radicle, 340 

— seed, 325 

— stem, 109 

— sap, 819 

Ascent of the sap, 819 
Asci, 376, 378 
Ascidia, 182 
Ascomyceoes, 375 
Aseospores, 377, 379 
Ascus, 377, 378 
Asexual, 355 
Ash, 810 

Assimilation, 775, 822 
Atropous, 321 
Attachment of filament, 
240 

Augmentation, 348 
Auriculate, 167 
Awl-shaped, 164 
Axial embryo, 339 
Axial, 339 
Axil, 135 

Axile embryo, 339 

— placenta, 274 
Axillary, 135 

— inflorescence, 194 

— stipules, 177 


Dacca, 311 
Baccate, 812 
Balausta, 313 
Banyan-tree, 125 
Barbed hairs, 61 
Bark, 84 

— functions of, 769 

— growth of, 87 
Base of fruit, 290 

— leaf, 135 
Basidia, 874 
Basidlomycetes, 373 
Basiflxed, 240 
Basifugal, 784 
Basilar, 800, 784 

— style, 279 


Basipetal, 784 
Bast tissue, 47 

— tubes, 47 

— vessels, 52 
Beaded root, 132 
Bell-shai)ed, 220, 226 
Berried, 312 
Berry, 311 
Bicrenate, 158 
Biennial roots, 1 28 
Bifid, 159, 161,281,283 
Bitoliate, 170 
Biforines, 33 
Bifurcate, 242 
Bigeners, 801 
Bijugate, 108 
Bilabiate, 227 
Bilobate, 283 
Bilocular, 237, 269 
Binary, 346 

Binate, 170 
Biovulate, 317 
Biparous cyme, 206 
Bipartite, 161, 281 
Bipinnate, 170 
Bipinnatifld, 160, 223 
Bipinnatipartite, 160, 223 
Bipinnatisected, 160 
Bisected, 161 
Biserrate, 158 
Bisexual, 233 
Bispermous, 325 
Biternate, 172 
Bivalvular, 294 
Blade, 15, 135 
Bletting, 806 
Blunt, 162 
Boat-shaped, 224 
Bordered, 175, 327 
Bostrycoid, 101, 193 
Bostryx, 208 

Botany, departments of, 1 

— object of, 1 

— structural, 1 
Botryose, 193 
Bractcated, 187 
Bracteoles, 185 
Bractlets, 185 
Bracts, 15, 140, 185 
Branching, 1 02 

— corymb, 198 

— spadix, 196 
Bristles, 63 
British gum, 31 
Brotherhood, 248 
Budding, 102, 754 
Buds, 99 

— and ramification, 99 
Bulb, 117 

Bulbils, 119 
Bulblets, 119 
Bundle-sheath, 98 
Bush, 109 


Caducous, 135, 192, 222, 
233 

Caladium, 772 
Calamites, 9 


Calcarate, 221 , 230 
Calceolate, 228 
Caliculus, 186, 222 
Calyptra, 365, 368 
Calyptrate, 222 
Calyx, 16, 215 
Cambium, 83 

— cells, 83 

— layer, 83 
Campanulate, 220. 226 
Campylotropous, 322 
Canal cell, 795 

Cap, 373 

Capillary, 234, 758 
Capitate, 61, 284 
Capit ulum, 200 
Capsular, .309 
Capsule, 308, 357, 368 
Carcerule, 307 
Carina, 226 
Carpel, 19, 259, 343 
Carpellary, 20 
Carpophore, 280, 285 
Caruncules, 329 
Caryophyllaceous, 225 
Caryopsis, 307 
Catkin, 1 96 
Caudate, 287 
Caudex, 97, 109 
Caudicle, 253 
Caulescent, 70 
Caulicule, 333, 336 
Caulinary stipules, 177 
Caulis, 109 

Caulome, 13, 69, 768, 769 
Cell-contents, 21 
Cell-division, 750, 752 
Cell-formation, 749 
Cell-membrane, 39 
Cell-multiplication, 750 
Cell- nucleus, 25 
Cells, 21, 237, 268, 331 

— with bordered pits, 41 
Cellular envelope, 86 

— plants, 7 

— system, 64, 70 
Cellulose, 4, 22, 30 
Cell-wall, 4, 22, 39, 749 

— thickening of, 22, 39 
Central placenta, 275 

free, 274, 275 

Centrifugal, 203, 340 

— formation of leaves, 784 
Centripetal, 195, 203, 340 

— formation of leaves, 784 
Ceratium, 309 

Chalaza, 321, 334 
Chalazal arillus, 830 
Changes of ovary, 288 

sap, 822 

Charaoeae, 381, 759, 789 
Charas, 381, 760, 789 
Chemical constitution of 
fruits, 804 
Chlorophyll, 26, 780 
Chlorophyll bodies, 26 

— corpuscles, 26 

— granules, 26 
Ohorisis, 340 
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Cicatrix, 135, 173 
Cicinai dichotomy, 104 
Cicinnus, 209 
Cinenohyma, 761 
Circinate, 149 

— cotyledons, 307 
Circular aestivation, 212, 

214 

Circulation. 758, 819 
Circumscissile, 294, 299 
Cirrhus, 111 
Clathrate cells, 52 
Clavate, 61, 167, 235 
Claviceps, 376 
Claw, 223 
Clawed, 223 
Cle f t, 159, 218, 228, 226 
Climbing, 109 
Closed vascular bundles, 
73, 91 
Cloves, 118 
Club-mosses, 362, 791 
Club-shaped, 61. 235 
Clustered root, 131 
Coalescence, 348 
Coat of pollen-cell, 253 
Coated bulb, 118 

— roots, 126 
Cocci, 297 
Cochlear, 213, 214 
Cceimnthmm, 191 
Coherent, 217 
Cohesion, 348 

— of stamens, 247 
Coleorhiza, 123, 129, 811 
Collateral, 31 9 

— chorisis, 350 
Collecting hairs, 64, 282 
Collective fruits, 313 
ColJenchyina, 45 
Colour of anther, 243 

filament, 235 

flowers, 786 

leaves, 780 

testa, 326 

Columella, 294, 365, 369 
Coma, 104, 327 
Commissure, 31 1 
Common calyx, 200 

— petiole, 173 
Comose, 327 

Comparative anatomy of 
plants, 1 

Complete flower, 234, 347 
Composition of leaves, 156 

pericarp, 291 

starch, 30 

Compound corymb, 198 

— flower, 200 

— fruit, 290 

— hairs, 60 

— leaves, 136, 156, 168, 
170 

— ovary, 268, 271,273 

— petiole, 173 

— pistil, 259 

— roots, 129 

— spadix, 196 

— spiral vessels, 49 


Compound stylo, 281 

— umbel, 201 
Conceptacles, 386 
Conceptaoulum, 305 
Conditions of germination, 

809 

Conducting tissue, 264 
Conduplicate, 149, 337 
Cone, 197, 314 
Confluent fruits, 314 
Conglomerate raphidos, 
82 

Conical calyx, 220 

— haii-s, 61 

— leaf, 167 

— root, 132 
Conidin, 370 
Conjugation, 383, 788 
Counate, 142, 247 
Connective, 237, 241 
Connivont, 217, 224 
Constructive materials, 822 
Contents of cells, 21 , 25 5 
Contorted aestivation, 213 

— corolla, 214 

— root, 134 
Contracted cyme, 209 
Convolute, 149, 213, 337 
Coralline root, 130 

i Cordate. 165, 167, 223 
Cordate lanceolate, 167 
Cordate-ovate It 7 
Cordate-sagittate, 242 
Cork, 87 

— cambium, 88 
Corky layer of bark, 86 
Corm, 117 
Oonnophytes, 9 
Corolla, 17, 223 
Corona, 232 
Corpusculu, 795 
Corm gated, 212 
Cortical, 368 

— system, 84 
Corymb, 198 
Costa, 151 
Costate, 154 

Cotton, structure of, 64 
Cotylodones, 333 
Cotyledons, 12, 140, 333 
Creation, inorganic, 1 

— organic, 1 
Creeping stem, 115 

— root, 115 
Cremocarp, 310 
Crenate, 168 
Crenulated, 158 
Crescent-shaped, 167 
Crisped, 168 

Crops, rotation of, 816 
Cross-breeds, 801 
Cross-fertilisation, 801 
Crossing, 800 
Crown of the root, 140 
Cruciate, 226 
Cruciform, 225 
Crude sap, 819, 822 
Crumpled, 212 
Cryptogamous, 184, 355 


Crystalloids, 34 
Culm, 109 
Cuneate, 165 
Cupule, 188, 311 
Curled, 158 
Curved ovules, 322 
— veined, 165 
Ourviserial, 14 7 
Cuspidate, 103 
Cuticle, 57 
Cuticularisod, 55 
Cycle, 144 
Cy clods, 761 
Cylindrical coll, 30 
Cylindrical leaf, 167 
Cyme, 203 

Cymose, J04, 193, 203 
Cyimi rhodum, 800 
Cypsela, 31 1 
Cystolithes, 33 
Cystopus, 370, 871 
Cytoblast, 25 
Cytoblastoma, 749 
Cytogcnosis, 749 


Death of tho loaf. 782 
Deciduous, 136, 176, 187, 

192, 222, 233, 280 
Declinato, 236 
Decomposed, 160 
Decompound, 1 70, 172 
Decumbent, 108 
Dccurrent, 142, 176 
Decussate, 142 
Decussation, 142 
Deduplication, 348, 349 
Definite inflorescence, 193, 

202 

— ovules, 317 
Definition of a plant, 2 
Definite vascular bundles, 

73, 91 

Defoliation, 782 
Degeneration, 354 
Degradation, 23 
-- products, 822 
Dehiscence of anther, 243 

fruit, 20, 293, 296, 

308 

pollen, 255 

Dehiscent fruit, 293 
Deliquescent, 1 10 
Dentate, 168, 223 
Departments of botany, 1 
Derm, 86 
Dermatogen, 120 
Descending axis, 18, 120, 
765 

— radicle, 340 

— sap, 819 

Descent of the sap, 824 
Determinate inflorescence, 

193, 194, 202, 203 
Development, 822 

— abnormal, 354 

— of the anther, 238 

embryo, 333 
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Development of the exoge- 
nous stem, 74, 

floral envelopes. 

786 

heat, 826 

leaves, 783 

ovule, 319 

— •— roots, 767 
starch, 29 

— — stem, 769 

stomata, 763 

Dextrin, 31 
Diach senium, 311 
Diadelphous, 248, 348 
Diageotropism, 832 
Diaheliotropism, 832 
Dialycarpous, 265 
Dialypetalous, 224 
Dialysepnlous, 218 
Diandrous, 246 
Diastase, 810 
Dichasiiun, 104, 206 
Dichlamydeous, 17 
Dichotomous cyme, 205 
Dichotomy, 103 

— bostrycoid, 104 

— cicinal, 104 

— helicoid, 104 

— scorpioid, 104 

— sympodial, 103 

— true or normal, 103 
Diclinous, 233 
Dicoccous, 297 
Dicotyledones, 12, 333 
Dicotyledonous, 333 

— embryo, 336 

— germination, 811 

— leaves, 183 

— roots, 1 28 

— stem, 74 
Didynamous, 250 
Diffusion of fluids, 758 

gases, 757 

Digitaliform, 230 
Digitate, 162, 171 
Digitipartite, 162 
Digynous, 265 
Dimerous, 346 
Dimorphic, 250, 801 
Dioecious, 233, 352, 364, 

367 

Dipetalous, 225, 
Diploperistomous, 366 
Diplostemenou8, 245 
Diplotegia, 309, 311 
Direction of filaments, 235, 

' 236 

plumule and radicle, 

810 

Disc-bearing wood-cells, 
41 

— woody tissue, 47 
Discoid pith, 76 
Disepalous, 218 
Disk, 257 

Dissected, 159, 162 
Dissepiment, 268 
Distichous, 145, 346 
Distinct stamens, 247 


Distractile, 242 
Distribution of fluids, 
819 

Divergent, 217, 224 
Divisions of leaves, 1 58 
Dodecahedral cell, 35 
Dolabriform, 167 
Dorsal suture, 260, 292 
Dorsiflxed, 240 
Dotted cells, 40 
— vessels, 48 
Double flowers, 343 
Doum palm, 95 
Dracasnas, 93 
Drupaceous, 304 
Drupe, 303 
Duct, 48 

Duplicato-dentate, 158 
Duramen, 80 
Duration of calyx, 222 

filament, 237 

the leaf, 135, 192 

roots, 128 


Earthy constituents, 813 
Ebraetcated, 187 
Eccentric embryo, 339 
Effects of gases upon 
leaves, 779 
Egg 795 
Egg-shaped, 165 
Eight-ranked, 146 
Elaborated sap, 819, 822 
Elaboration of cell-con- 
tents, 760 

Elaters, 360, 309, 790 
Elective affinity, 802 
Electricity of plants, 828 
Elementary part, 749 

— structure, 21 
Elliptic cell, 35 
Elliptical, 165, 223 

— parenchyma, 44 
Elliptico-lunceolate, 167 
Elongated parenchyma, 45 
Emarginate, 163, 223 
Embracing, 141 
Embryo, 11, 20, 332 

— buds, 106 

— cell, 793 

— nodules, 106 

— sac, 319, 359, 793 
Embryonal cell, 365, 368 

— corpuscle, 359 
Einbryotegia, 328 
Emergences, 03 
Empty bracts, 186 
Enantioblastic, 339 
Endocarp, 291 
Endogenous, 71 

— stem, 74, 89 
age of, 96 

anomalous structure 

of, 95 

growth of, 91, 94 

Endophloem, 86 
Endopleura, 20, 326, 328 


Endorhizal, 129, 811 
Endosmose, 758 
Endosperm, 20, 331 
Endospore, 370, 788 
Endostome, 321 
Endothecium, 239 
Ensiform, 167 
Entire calyx, 218 

— corolla, 226 

— leaf, 157 
Entomophilous, 20 
Epiblema, 56, 122 
Epicalyx, 186, 222 
Epicarp, 291 

Epidermal appendages, 60 

— layer, 387 

— tissue, 54 
Epidermis, 54 

— functions of, 761 
Epigeal, 811 
Epigone, 365, 367 
Epigynoas, 246, 258, 348 
Epipetaious, 246, 348 
Epi phloem, 86 
Epiphragma, 366 
Epiphytes, 125 
Episperm, 20, 326 
Epithelium, 262 
Equal leaf, 163 
Equally pinnate, 168 
Equis ‘taceaj, 359,792 
Equitant, 161, 337 
Erect, 217, 224, 236, 340 

— ovule, 318 

— seed, 325 
Ergot, 375, 376 
Essential organs, 233, 352 
Etterio, 306 
Etiolated, 778 
Evergreen, 135 
Exalbuminous, 331 
Exannulate, 357 
Excinulum, 378 
Excrescence, 106 
Excrescent, 193 
Excretion by roots, 767 
Excretions, 737 
Excurrent, 110 
Exhalation, 770, 773 
Exocarp, 291 
Exogenous, 71, 74, 77 

— stems. 74 
Exorhizal, 129, 812 
Exosmose, 768 
Exostome, 321 
Exotheciurn, 239 
Exserted, 249 
Exstipulate, 15, 136, 176 
Extine, 253, 794 
Extra-axillary, 107, 135, 

192 

Extrorse, 238 


Face 237 

Fall of the leaf, 135, 782 
False arillus, 329 
False bark, 90 
False cyme, 104 
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Farinaceous albumen, 332 
Fasciated branches, 107 
Fascicle, 143, 209 
Fascicled leaves, 143 
Fasciculated rout, 131 
Faux, 219, 226 
Feather-veined, 153, 168 
Feathery, 220 
Female apparatus, 793 

— flower, 20, 789 
Ferns, 356, 792 
Fern stems, 97 

— internal structure of, 
97 

— growth by buds, 98 
Fertile, 234 
Fertilisation, 20 
Fibrilliform cells, 45 

— tissue, 45 
Fibrils, 57, 122 
Fibro-ccllular tissue, 45, 

54 

Fibro-vascular system, 54, 
70 

of leaves, 137 

— tissue, 51 
Fibrous cells, 42 

— root, 130 
Fid, 159 

Fiddle-shaped, 161 
Filament, 19, 234, 388 
Filices, 356, 792 
Filiform, 234 
Fimbriated, 224 
Fissiparous, 752 
Fissured calyx, 218 
Fissures of leaves, 1 59 
Five-cleft, 155, 281 

— ranked, 146, 214 

— ribbed, 164 
Fixed embryo, 102 
Flagellum, 112 
Fleshy albumen, 332 

— cotyledons, 237 
Floral envelopes, 215, 352 

— leaves, 1 5, 140 
Florets, 200 
Flower, 15, 223 

— perfect, 19 
Flowering plants, 11, 184 
Flowerless plants, 9, 184, 

355 

Flower-stalk, 15, 190 
Folded leaves, 149 
Foliaceous, 192, 220, 291, 
337 

Folioles, 156 
Follicle, 304 
Food of plants, 812 

— sources of, 812 
Foramen, 320, 321 
Forked anther, 242 
Forked filament, 235 

— venation, 155 
Formation of cells, 749 
organic compounds, 

777 

pollen, 250 

wood, 768 


Formed ma'erial, 750 
Forms of anther lobes, 
242 

cells, 35, 265 

filament, 234 

hairs, 60 

leaves, 167, 168 

peduncle, 19L 

petiole, 175 

roots, 130 

seeds, 325 

stems, 1 08 

style, 281 

Fossil botany, 2 
Fovilla, 18, 255 
Free calyx, 220, 272 

— cell formation, 750, 
751 

— central, 274, 276 

— stamens, 247 
Fringed, 224 
Fronds, 97, 184 
Fructification. 873 
Fructose sugar, 804 
Fruit, 287, 344, 803 

— dehiscent, 20 

— indohisccnt, 20 

— nature, of, 287 

— perfect, 290 

— ripening of, 806 

— sirnplo, 302 

— sugar, 804 
Fucus, 386 
Fugacious. 135, 222 
Functions, 748 
Functions of bark, 769 
bracts, 785 

epidermal append- 
ages, 764 

— tissue, 761 

essential organs, 787 

floral envelopes, 786 

glands, 764 

hairs, 764 

intercellular system, 

764 

laticiferous vessels, 

761 

leaves, 770 

medullary rays, 769 

organs of reproduc- 
tion, 787 

parenchyma, 749 

proscncliyma, 760 

prosonchymatous 

cells, 760 

stem, 768, 769 

stomata, 763 

vascular tissue, 760 

vessels, 760 

Fundamental organs of the 
plant, 13 

Fundamental tissue, 76 
Fungi, 369 
Funiculus, 316, 324 
Funnel-shaped, 227 
Furcate, 155 
Fusiform cell, 36 

— root, 133 


Galbulub, 314 
Galeate, 221 
Gamopetalous, 224, 226 
(lamosepalous, 218 
Gaping, 227 
Uoramation, 754 
Gemmule, 12, 333 
General characters of fruit 
290 

— involucre, 188, 202 

— morphology, 6, 340 

— physiology, 748, 812 

— umbel, 202 
Geniculate, 286 
Geographical botany, 2 
(Icotropism, 832 
Germ-cell, 859, 366, 368, 

793 

Germinal corpuscles, 797 

— matter, 32, 760 

— vesicles, 20, 797, 
Germination, 12, 808 
-- conditions of, H09 

— dicotyledonous, 811 

— monocoty lotion o us, 
810 

— time required for, 
808 

Gibbous, 221, 230 
Glands, 64, 764 

— compound, 64 

— external, 64 

— internal, 66 

— Rcssile, 64 

— simple, b4 

- — stalked, 64 
Glandular hairs, 64 
Gians, 311 
Glolxnds, 34 
Glolxisc, 220 
Globule, 381, 789 
Glochidiato, 61 
Gloe capsa, 6 
Glomerule, 209 
Glove-shaped, 230 
Glumellules, 190 
Glumes, 190, 196 
Gonidia, 378 
Grafting, 102 
Granulose, 30 
Gravitation, 832 
G reen layer of bark, 86 
Growing part, 767 

— point, 7 67 
Growth of the bark, 87 

endogenous stems, 94 

Guard-cells, 57, 762 
Gymnospermia, 11, 794 
Gymnospermous, 305, 317, 

793 

Gymnostomous, 366 
Gynandrous, 247, 348 
Gynia, 265 
Gy nobase, 280 
Gynobasic, 280 
GyncBcium, 1 9, 258, 265 
Gynophore, 271, 286 
Gynostemium, 247 
Gyration, 758 
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Haibs, 60, 764 
Halbert-shaped, 167 
Half-adherent calyx, 272 
Half-inferior calyx, 272 
Half-superior calyx, 272 
Half-equitant, 151 
Hastate, 167 
Hastate-auricled, 167 
Haustoria, 370 
Head of flowers, 200 
Heart-shaped, 165 
Heart-wood, 81 
Heat of plants, 826 
Helicoid cyme, 20C, 208 

— dichotomy, 104 
Hcliotropism, 832 
Helmet-shaped, 221 
Hernial bumose, 35 
Hemicarp, 311 
Hepaticacece, 366, 700 
Herbs, 109 

Hermaphrodite, 233, 364 
Hosperidmm, 300 
Hoterocy-sts, 383 
Heterodromous, 147 
Heterophyllous, 167 
Heterorhizal, 130 
Hetprostylcd, 801 
Hoterotropous, 323 
Hexapetalous, 226 
Hidden- veined, 151 
Hilum, 29, 316, 324 
Histology, 1, 21 
Homoblastic, 330 
Homodromous, 147 
Homologous, 211, 341 
Homotropous, 340 
Hooded, 221 
Hood-shaped, 167 
Hooked h«iis, 61 
Horizontal o> ule, 318 
-- system, 54, 70 
Horned oranges, 310 
Horny albumen, 832 
Horsetails, 859, 702 
Hybridation, 801 
Hybridisation, 801 
Hybrids, 801 

— production of, 801 
Hybrid algee, 802 

— ferns, 802 
Hj menium, 374 
Hypanthoaium, 191 
Hyphse, 45 

Hypocrateriform, 227 
Hypodorma, 45, 139, 371 
Hypogeal, 811 
Hypogynous, 246, 258 
Hypothecium, 378 


Illegitimate fertilisa- 
tion, 801 

Imbricate, 150, 214 
Imbricated Aestivation, 212, 
213 

Imparipinnate, 168 


Imperfect flower, 352 
Impregnation, 788 
Inactive »pore, 7*8 
Incision of leaves, 158, 
167 

Included, 249 
Incomplete flower, 347 
Incumbent, 338 
Incurved, 236 
Indefinite inflorescence, 
194,211 

Indefinite vascular bun- 
dle*, 72 

Indehiseent fruit, 20, 293 
Independent movement, 
834 

Tndeterminato inflores- 
cence, 193, 194 
Indian fig-tree, 125 
Individual peculiarities, 
102 

Induplicate, 150, 213 
Iudusium, 282, 357, 374 
luduviee, 135 
Induviate, 135 
Inferior calyx, 220, 272 

— fruit, 290 

— ovary, 220, 272 

— radicle, 340 

— 8yncarpous fruit, 310 
Indexed, 149 

Inflorescence, 15, 184, 193 

— definite, 193, 202 

— determinate, 193, 202 

— indefinite, 193 

— indeterminate, 193 
Infra-ax lllary, 135 
Infrutescences, 314 
Infundibuliform, 227 
Innate. 240 

Inner bark, 86 
Inorganic constituents, 
813, 816 

Insertion of leaves, 140, 
192 

stamen 5 ', 246 

Inside growers, 71, 91 
Integuments of seed, 20, 
325 

Integumentum simplex, 
320 

Intercellular canals, 67, 
764 

— passages, 68 

— spaces, 68, 764 

— substance, 69 

— system, 67, 764 
Interlacing tissue, 45 
Internal embryo, 339 
Internal membrane, 828 
Internodes, 15, 99, 135 
Interpetiolar, 178 
Interruptedly pinnate, 169 
Intine, 253, 794 
Intracellular circulation, 

758 

Intrafoliaceous, 177 
Introrse, 238 

Inversely egg-shaped, 165 


Inversely heart-shaped , 166 
Inverse ovule, 818 

— seed, 825 
Inverted embryo, 340 

— ovule, 823 
Involucel, 1 88, 202 
Involucre, 188, 222, 857, 

360 

Involute, 150 
Irregular, 218, 219 
- flower, 347 
Irregularity, 354 
Irritability, 832 
Irritable, 838 
Isomerous, 346 
Isostemenous, 245 


Joint, 173 
Jointed, 99 
Jugate, uni-, 168, 170 

— bi-, 168 

— tn-, 168 

— multi-, 168 
Jungenuanma, 7 


Kfel, 226 
Kernel, 20, 825, 330 
Kidney-shaped, 166 
Kinds of cell*, 43 
fruit, 301 

— — inflorescence, 193 

peduncle, 190 

plaecntation, 274 

steins, 111 

stipules, 177 

Kingdom, animal, 1 
- mineral, 1 

— vegetable, 1 
Knob, 106 
Knots, 102 


Labiate, 219, 227 
Lacmiated, 160 
Lamellse, 374 
Lamina, 15, 135 
Lanceolate, 165, 223 
Large spores, 361, 363, 791, 
792 

Lateral style, 279 
Latex, 52, 761 
Latex-sacs, 53 
Laticiferous tissue, 761 

— vessels, 52, 761 
Lattice cells, 52 

Laws of pliyliotsxis, 143 
Layering, 102, 113 
Leaf-arrangement, 142 
Leaf buds, 14, 99 

— defined, 15, 134, 340 

— development, 783 
Leaf-stalk, 15, 135, 172 
Leaflets, 156 

Leafy bracts, 186 

— trait, 291 

Leaves of acotyledonous 
plants, 184 



INDEX TO STRUCTUBAL AND PHYSIOLOGICAL BOTANY* 843 


Leaves of dicotyledonous 
plants, 183 , 

— — monoootyledonous 1 
plants, 183 

Legitimate fertilisation, 
801 

Legume, 302, 303 
Length of filament, 235 

germinati n, 808 

Lenticels, 87 
Lenticular glands, 87 
Lepidote, 08 
Lianas, 100 
Liber, 8G 
Liber cells, 47 
Liclienes, 878 
Lichens, 378 
Lid, 300 

Life of the plant, 812, 817 
Lignin, 22, 804 
Ligulate, 228 
Ligule, 175 
Limb, 210, 223, 226 
Linear, 16i, 167, 223, 242 
Linear- lanceolate, 167 
Linguiform, 167 
Lipped, 227 
Lirellae, 378 
Lithocysts, 33 
Liverworts, 7, 366, 700 
Lobed, 159 

Lobes of leaves, 158, 237 
Loculi, 237, 268 
Loculicidal, 295, 296 
Locusta, 196 
Lodiculce, 190 
Lomontaceous 308, 309 
Lomentum, 303 
Longitudinal dehiscence, 
244 

— system, 54, 70 
Luminosity oi plants, 827 
Lunate, 167 
Lycopudiacese, 362, 791 
Lycopodium, 363 
Lymphatic hairs, 63 
Lyrate, 161 
Lyrately-pinnate, 170 
Lyre-shaped, 161 


Mace, 829 
Macropodous, 336 
Macrosporangia, 863, 791 
Macrosporos, 363, 791 
Male, 20, 789 
Male apparatus, 793 
Malting of barley, 810 
Mangrove-tree, 125 
Maroescent, 222, 233 
Marchantia, 7, 765 
Marginal placenta, 274 
Margins of leaves, 135, 157, 
167 

Marginal, 274 
Marginate, 327 
Marsilea, 360 
Marsileaceae, 360, 791 


Masked, 228 
I Mealy albumen, 332 
1 Median proliflcation, 286, 
344 

Medulla, 76, 768 
Medullary rays, 83 
functions of, 769 

— sheath, 77 
Megaspores, 791, 792 
M ciostemei ions, 24 5 
Melanophyll, 26 
Membranous, 220 
Mericarp, 297, 811 
Merismatic, 752 
Meristem, 762 
Meros, 346 
Mesocarp, 291 
Mesophloem, 86 
Mesophyll, 138 
Mesotheeium, 239 
Metabolism, 822 
Metamorphosis, 344 

— ascending, 344 

— descending, 344 

— direct, 344 

— retrograde, 344 
Metastasis, 822, 823 
Micropylar ardlus, 330 
Micropyle, 319, 320, 321, 

334 

Microsporangia. 863, 791 
Microspores, 361, 363, 791, 
792 

Midrib, 151 
Milk vessels, 52 
Mixed inflorescence, 210 
-- formation of leaves, 784 
Monauelpliouw, 248, 348 
Monandrous, 246 
Moniliform hair*, 61 

— root, 132 
Monochasial, 208 
Monochlamydeous, 17, 223, 

352 

Monocotyledones, 12, 333 
Monoeotyledonous, 333, 

335 

— germination, 810 

— leaves, 183 

— roots, 129 

— stem, 74, 89 
Monoecious, 233, 352, 864, 

367 

Monogynous, 265 
Monopetalous, 224, 226, 
227, 348 

Monopodial brandling, 103 
Monosepalous, 218, 348 
Monospermous, 325 
Monstrosities, 343 
Morphological botany, 1,5 
Morphology, 5 
— , generaJ, 6, 340 
Mosses, 8, 363, 790 
Mother cells, 251 
Movements in cells, 758 
— of plants, 830 

not periodical, 831 , 

884 


Movements of plants peri- 
odical, 830, 834 
— ■ of protoplasm. 24 
Mucilaginous albumen, 382 
Mucor, 6 
Mucronate, 163 
Mules. 801 
Multicostato, 154 
Multifld, 159, 281 
Multifoliate. 171 
M ultijugato, 168 
Multilocular, 269 
Multiovuhito, 318 
Multiple oorollu, 231 
— fruits, 804, 31 3 
Multispermous. 325 
Multivalvular, 294 
Muriform parenchyma, 45, 
84 

Musci, 863, 790 
Mushrooms, 369 
Mycelium, 37 3 
Myosin-globulin, 35 


Nakkt> bud, 100 

— bulb, 118 

— flower, 17, 352 

— mouthed, 366 

— nucleus. 320 

— ovule, 817 
Napiform root, 133 
Natural history, 1 

— orders, 856 

— preference, 802 
Naturo of carpel, 260 
Neck, 120 
Neck-coil, 795 
Necklace-shaped, 61, 132 
Nectariferous glands, 67 
Nectaries, 67, 2.52 
Needle-shaped, 164 
Negative gootropism 832 

— lieliotropism, 832 
Nervation, 151 
Nerves, 134, 137 
Netted- veil led, 153 
Neuter, 283, 302 
Nitellse, 759 
Node, 135 

Nodes, 13, 99 
Nodulose root, 132 
Non-adherent, 220 
N on-articulated, 135 
Non-periodical move- 
ments, 831, 834 
Normal buds, 104 
Nostoc. 382 
Nuclooli, 25 
Nucleus, 25, 325, 330 

— of seed, 20 

starch, 29 

Nuculanium, 310 
Nucule, 381, 382, 789 
Number of ovules, 317 

stamens, 240 

Nursing leaves, 140 
Nut, 311 

Nut-like, 811 
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Obcordatel 160 
Oblique leaf, 103 
Oblong, 165, 223, 242 
Obovate, 165 
Obsolete, 220 
Obtuse, 162 
Obvolute, 151, 337 
Ochrea, 177 
Octapetalous, 225 
OctastichouR, 146 
Odours of plants, 834 
CEdogonium, 388, 756 
CEnotliera, 755 
Offset. 112 
Ojly albumen, 332 
Omphalodiura, 324 
Oogonia, 370, 378, 388 
Oophoridia, 701 
Oospliere, 9, 370, 386, 

795 

Oosporangia, 791 
Oospore, 388, 389 
Open vascular bundles, 72 
Opercular, 245 
Operculate, 222, 254, 300 
Operculum, 300, 365 
Opposite leaves, 142, 147 

— stipules, 177 
Orbicular, 167 
Organic constituents, 813 

— compounds, 777 

— creation, 1 
Organisable matter, 749 
Organography, 1, 5 
Organs of nutrition, 13, 

69, 765 

— — reproduction, 13, 15, 
184, 785, 787 

— — vegetation, 13, 765 
Origin ol endogenous stem, 

91 

placenta, 276 

stomata, 763 

Original cell formation, 750 
Ortliotropous, 321 
Oscillatoria, 6 
Osmose, 757 
Ostiole, 379 

Outer integument, 326 
Outline of leaves, 168 
Outside growers, 71 
Oval, 165, 242 
Ovary, 19, 259, 271 

— compound, 271 

— simple, 271 
Ovate, 165, 223 

lanceolate, 187 

Ovulary spore, 792 
Ovule, 19, 316, 361, 791 


Paubontological bo- 
tany, 2 
Palate, 228 
Paleae, 190, 196 
Pales, 190, 190 
Palisade parenchyma, 139 
Palmate, 161, 171 


Palmated root, 131 
Palmately cleft, 161 

— veined, 154, 168, 170 
Palmatifid, 161 
Palmatipartite, 101 
Palmatisected, 161 
Palraella, 749 
Panduriform, 161 
Panicle, 200 
Panicled corymb, 198 

— cyme, 206 
Papilionaceous, 226 
Papillae, 64 
Pappose, 220 
Pappus, 220 
Parallel ohorisis, 350 

— formation of leaves, 784 
veined, 153, 155 

— venation, 1 54 
Paraph ysea, 364, 374, 377, 

378, 387 
Parasites, 126 
Parenchyma, 44 

— of leaves, 137, 133 
— , varieties of, 44 
— , functions of, 749 
Paronehymatous cells, 37 

— system, 54, 70 
Parent cells, 251 

, special, 251 

Parietal cell-formation, 

752 

— placenta. 274, 275 
Paripmnate, 168 
Partial dehiscence, 308 

— involucre, 188, 202 

— petiole, 156, 173 
— - umbel, 202 

Partite, 159, 218, 223, 226, 
281 

Partitions, 159, 268 
Parts of the flower, 211 

stem, 768 

Patulous, 217, 224 
Pectic acid, 805 
Pectinate, 160 
Pectine, 805 
Pectose, 805 
Pectosic acid, 805 
Pedate, 162, 171 
Pedatifid, 162 
Pedatipartite, 162 
Pedatisected, 162 
Pedicel, 15, 190 
Peduncle, 15, 190 
— , duration of, 192 
Peloria, 230 
Peltate hairs, 62 

— leaves, 141 

— ovule, 318 

Pendulous, 110, 236, 318, 
325 

Penicillium, 6 
Pentastichous, 145, 214 
Pepo, 312 

Pepperworts, 360, 791 
Perennial leaves, 135 

— roots, 128 
Perfect fruit, 290 


Perfoliate, 142 
Perianth, 17, 216 
Periblem, 120 
Pericarp, 20, 290 
Perichaetial, 363 
Periderm, 86 
Perigone, 364, 368 
Perigonial, 363 
Perigynous, 246, 258, 348 
Periodical movements, 830, 
834 

Peripheral, 368 
Peripherical, 339 
Perisperm, 331 
Peristome, 366 
Ferithecia, 376 
Persistent, 135, 176, 187, 
193, 222, 233, 280 
Personate, 228 
Petaloid, 17, 216, 220, 235, 
282 

Petals, 17, 223, 342 
Petiolar stipules, 177 
Petiolate, 141 
Petiole, 15, 135, 172 
Petiolule, 156, 173 
Peziza, 377 

Phtenogamous, 11, 184 
Phanerogamous, 11, 184 
Fhelloderma, 86 
Phellogen, 88 
Phloem, 72 
Phragmata, 269 
Phycocyan, 26 
Phycoery thrin, 26 
Phycomycetes, 370 
Phyllaries, 188 
Phylloclade, 192 
Phyllocyamn, 781 
PhyUode, 180, 181 
Phyllodia, 180 
Phylloid peduncle, 192 
Phyllome, 15, 134, 783 
Phyllotaxis, 142 

— of natural orders, 148 
Phylloxanthein, 781 
Phylloxanthin, 781 
Physiological botany, 1, 

748 

Physiology, 748 

— of the elementary struc- 
tures, 749 

— of the root, 765 
Phytons, 102 
Pileorhiza, 121, 767, 796 
Pileus, 373 

Pilose, 220 
Pilularia, 361, 362 
PinnaB, 168 
Pinnate, 168 

— with an odd leaflet, 
168 

Pinnately-veined, 153, 168 
Pinnatifld, 160, 223 
Pinnatipartite, 160, 223 
Pinnatisected, 160 
Pinnules, 170 
Pistil, 19, 258 
Pistillate, 20, 852 
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Pistillidia, 361, 363, 367, 
789, 790, 791 
Pitchers, 182 
Pith, 76 

— , functions of, 768 
Pitted cellular tissue, 46 

— cells, 40 

— tissue, 48 

— -- TTPoapla Ad 

Placenta,’ 19, 269, 262, 274 
Placentation, 274 
Placentiferous, 298 
Placentiform root, 133 
Placentoid, 239 
Plant in action, 817 
Plants, odours of, 834 
Plaited, 149,213 
Plasmodium, 2 
Plerome, 120 
Plicate, 149, 213 
Plumose, 220 
Plumule, 12, 333, 336 
Pod, 302 
Podetium, 378 
Podium, 103 
Pollarded trees, 106 
Pollen, 18, 260, 793, 794 

— cells, 18, 261, 256 

— development of, 251 

— grains, 18 

— sporangia, 791 

— structure of, 263 

— tube, 256 
Pollination, 20 
Pollinia, 252 
Polyadelphous, 248 
Polycotylodonous, 387 
Polyemhryonic, 336 
Polygamous, 233 
Polygonal cell, 35 
Polypetalous, 224 
Polysepalous, 218 
Polystemerious, 245 
Pome, 313 

Pore, 264, 379 
Porous cells, 40 

— dehiscence, 244, 294, 300 
Position of ovules, 31 8 

stamens, 246 

Positive geotropism, 832 

— heliotropism, 832 
Prsefloration, 161, 211 
Prcefoliation, 148 
Prsemorae leaf, 163 

— root, 134 
Prepotent, 802 
Preserving seeds, 807 
Prickles, 63 
Primary axis, 190 

— meristem, 767 

— root, 120 
Primine, 315, 321, 796 
Primordial cell, 21, 797 
Primordial leaves, 140, 810 

— utriole, 26 
Prismatic cell, 36 

— leaf, 167 

Process of germin ation, 809 
Procumbent, 108 


Production of hybrids, 801 
Pro-emhryo, 366, 789, 796, 
800 

Progressive, 203 
Proliferous, 105 
Prolification. 344 
Prosenohyma. 46 

— functions of, 760 

— varieties of. 46 
Prosenchymatous cells, 37 
Prostrate, 108 

Proteid grains, 32 
Proteine crystals, 33 
Prothallium, 366, 358, 366, 
790 

Prothallus, 366 
Protococcus, 6, 749 
Protonoma, 366, 790 
Protoplasm, 23, 719 

— movements of, 24 
Protruding, 249 
Pseud-axis, 104 
Pseudo-bulb, 108 
Pseudocarp. 197, hi 4 
Pseudo-embryo, 791 
Pseudo-parenchyma, 46 
Puccinia, 371 
Puffball, 766 

Pul vinus, 174 
Punctum vegotationis, 92, 
767 

Putamen, 291, 292 
Pyonidia, 379 
Pyramidal leaf, 167 
Pyxis, 308, 311 

Qitadrifoltatk, 171 
Quadrifurcate, 242 
Quadrilocular, 237, 269 
Quadrinato, 171 
Quinary, 214, 346 
Quin ate, 171 

Quincuncial, 145, 213, 214 
Quinquecostate, 164 
Quinquedentate, 219 
Quinquefid, 169, 161, 219, 
281 

Quinquofoliate, 171 
Quinquelocular, 269 
Quinqucovulate, 317 
Quinquepartite, 219 
Quinquespermous, 326 
Quintuple-ribbed, 1 64 
Quintupli-costate, 164 

Raceme, 198 
Racemose, 104 

— corymb, 199 

— cyme, 206 
Rachis, 173, 191 
Radiated veined, 153, 154, 

168 

Radical leaves, 140 

— peduncle, 191 
Radicle, 12, 332 
Ramal leaves, 140 
Ramenta, 63 
Ramentaceous hairs, 63 


Ramification, 102 
Ramified cells, 43 
Raphe, 323 
Raphinn arillus. 330 
Raphides, 31 
Raphidiferous, 32 
ltaphis-beariiig. 32 
Rapidity of cell-prod uc 
lion, 756 

Receptacle, 16, 191, 267 
285, 873, 386 

Receptacles of secretion, 
68. 765 

Reolinate, 149, 337 

— ovule, 318 
Reetisoriul, 147 
tteourved, 236 

Red snow plant. 6, 749 
Reduplicate, 213 
Keflexed. 217, 224 
Regina, 308 
Regressive, 203 
Regular, il8, 219, 225, 226 

— buds, 104 
-- flower, 347 

— parenchyma, 45 
Rejuvenescence, 766 
Relative length, 249 
Roliquisc, 135 
Renewal of cell, 766 
Reniforrn, 166, 167 
Ropluni, 270, 299, 309 
Reproduction of : — 

— Aootyledonous plants, 

787 

— Alga*, 788 

- Angiospermin, 796 

— Oharaooie, 789 

— Cormophytes, 789 

— Cotyltidonoua plants, 

793 

— Cryptogamous plants, 

787 

— Equisetaceae, 792 

— Filices, 792 

— G ynmospermia, 794 

— Hepaticneeic, 790 

- Lycopodiaceae, 791 

— Marsileacete, 791 

— Musei, 790 

— Phanerogamous plants, 
793 

— Thallophytes, 787 
Reproductive Organs of: — 

Aerogons, 356 

Algee, 382 

Oharaceie, 381 

Cormophytes, 356 

Equisetacese, 359 

Filices, 366 

Fungi, 369 

Hepaticaoeee, 36G 

Lichenes, 378 

Lycopodiaceee, 362 

Marsileaccee, 860 

Musci, 363 

Thallophytes, 369 

Respiration, 3, 775, 822 
Resting spores, 788 
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Reticulated cells, 43 

— veined, 153 

— vessels, 51 
Retinacula, 253 
Retroserrate, 158 
Retuae, 163 
Revolute, 150 
Rhizoid, 789 
Rhizome, 114 
Ribbed venation, 154 
Ribs, 151 

Rind, false, 90 
Ringed cells, 43 
Ringent, 227 
Ripening of fruits, 806 
Rolled leaves, 149 
Root, 13, 120, 765 
Root-cap, 121 
Root-hairs, 57, 122 
Rootlet, 789 
Root- pressure, 766 
Root-sheath, 126, 811 
Rootstock, 114 
Ro-aceous, 225 
Rostellum, 253 
Rotate, 227 
Rotation, 758 

— of crops, 816 
Rounded leaf, 167 

— lobes, 242 
Roundish ovate, 167 
Round parenchyma, 44 
Ruminated, 332 

R uncinate, 161 
R inner, 112 
Rupturing, 300 

SACCATE, 221, 230 
Sagittate, 167, 242 
Salver-shaped, 227 
Salvmia, 362 
Samara, 307 
Sap, 25,819 
Saprophytes, 127 
Sapwood, 81 
Sareocarp, 291 
Sarcoderm, 326 
Scalariform vessels, 51 
Beales, 62, 100, 187, 190 
Scaly 1 tracts, 187 

— buds. 100 

— bulb, 118 
Scape, 1 91 

Scars of leaves, 135, 173 

— ierns, 97 
Schizocarps, 297 
Sclerenchyma, 73 
Sclerogenous, 40 
Solerotium, 375 
Soorpioid cyme, 206 
Scorpioid dichotomy, 104 
Scurf, 62 

Seaweeds, 382 
Secondary axis, 190 

— embryo-sacs, 795 

— medullary rays, 84 

— products, 823 

— root, 128 
Secretion, 822 


Secretions, 778 
Rectel, 159, 223 
S^cundine, 321, 796 
8eed, 20, 316, 324, 806 

— preservation of, 807 

— transportation of, 807 

— vitality of, 806 
Seed-bud, 316 
Seed-leaves. 12 
Seed -nucleus, 325 
Segment cell, 769 
Segments, 159 
Selecting power of roots, 

766 

Semi-anatropou«, 323 
Seminal leaves, 140 
Seminude ovule, 317 
Sepals, 16, 215, 341' 
Reptemfid, 159 
Septemtoliate, 171 
Septenate, 171 
Septicidal, 295 
Septifragal, 295, 297 
Series, 144 
Serrate, 158, 223 
Serrulate, 158 
Sessile anther, 234 

— flowers, 198, 259 

— leaves, 15, 136, 141, 

172 

— ovary, 271 

— ovule, 316 

— seed, 324 

— stigma, 283 
Seta, 365 
Setaceous, 63 
Seta?, 63 
Setose, 63 

Sexual filament, 388 
Sexuality of plants, 787 
Sharp-pointed, 163 
Sheath, 135, 175 
Sheathing, 142 
Shield-like, 62 

— -c Us, 381 

shaped, 141 

Shrubs, 109 
Sieve cells, 52 

— tubes, 52 
— ■ vessels, 62 
Silicula, 309 
Siliqua, 309 

Siliquseform capsule, 309 
Silver-grain, 85 
Simple corolla, 231 

— corymb, 199 

— fruits, 290 

— gyncecium, 265 

— hairs, 60 

-- leaves, 136, 156 

— ovarv, 271, 273 

— petiole, 1 73 

— pistil, 259 

— spiral vessels, 49 

— style, 281 

Simultaneous vascular 
bundles, 74, 97 
Sinuated, 158 
Sinuose. 242 


Size of cells, 38, 255 

exogenous trees, 83 

Skeleton leaves, 138 
Slits, 254 

Small spores, 361, 363 
Roboles, 115 

Solitary axillary flower, 
194 

— terminal flower, 202 
Solubility, 300 

Sored ia, 380 
Sori, 357 
Sorosis, 315 
Sources of food, 812 
Spadix, 196 

Spathaoeous bracts, 189 
Spathe, 189 
Spathell®, 189 
Spathulate, 165 
Spawn, 735 

Special functions of the 
stem, 768 

— phenomena, 826 

— physiology, 718, 749 
Speoifac identity, 102 
Spermatia, 371, 380 
Spermatophores, 380 
Spermato7oids, 382 
Sperm-cells, 359, 364, 793 
Spermoderm, 326 
Spermogoma, 371, 379 
Spermophore, 274 
Sphacelia, 375 
Sphmraphides, 32 
Sphaleroearpium, 315 
Spherical-cell, 35 
Spike, 195 

Spiked cyme, 206 
Spikolet, 196 
Spine, 110 

Spines of leaves, 179 
Spiral cells, 42 

— aestivation, 212, 213 

— vernation, 150 

— vessels, 49 
Spirogyra, 383 
Spongelet, 121 
Spongiform parenchyma, 

45 

Spongiole, 121 
Sporangium, 357, 3G1, 363, 
305, 368, 788 

Spore- prod ucing structure, 
373 

Spores, 355 
Sporocarp, 360 
Sporogonium, 790 
Spreading branches, 110 
Spur, 230 
Spurious fruit, 803 
Spurred, 221, 230 
Squamae, 187 
Squamous, 187 
Squamulee, 190 
Stalk, 873 

Stalked, 141, 221, 271, 
324 

Stalklets, 156, 1 73 
Stamens, 18, 234, 245, 342 
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Staminate, 20, 352 
Stami nodes, 234 
Standard, 226 
Starch, 4, 27 

— granules, 28 

— nucleus, 29 
Starchy albumen, 332 
Stellate hairs, 61 

— cell, 36 
Stem, 13, 768, 769 

— defined, 69 
Stemless, 70, 

Sterigmata, 380 
Sterile, 234 

Stigma, 19, 259, 264, 282 
Sting, 65 
Stijie, 97, 109, 373 
Stipellate, 1 76 
Stipels, 176 
Stipitate, 221, 271 
Stipular, 151 
Stipulate, 176 
Stipules, 15, 135, 176 
Stolon, 113 
Rtoloniferous, 113 
Stoma, 57, 366 
Stomata, 57, 762 
Stomates, 57 
Stone, 291 
Stone-fruit, 303 
Storing of nutriment by 
roots, 767 

Straight-veined, 155 
Strap-shaped, 228 
Strobile, 197, 315 
Strobilus, 197, 315 
Strophioles, 329 
Structural botany, 1, 6 
Structure ot anther, 238 

carpel, 261 

ovule, 319 

pollen, 253 

seed, 326 

Struma, 174, 366 
Style, 19, 259, 262, 279 
Stylopodiuin, 258 
Stylospores, 379 
Suberous layer of bark, 86 
Sub-hybrids, 801 
Sub-hymenial layer, 374 
Submersed leaves, 137 

structure of, 139 

Sub-rotund, 167 
Subterranean stems, 115 
Subulate, 164 
Succulent, 15, 135, 139 
Sucker, 114 
Summit growers, 72 
Superior calyx, 220, 272, 
348 

Superior fruit, 290 

— ovary, 220, 272 
- — radicle, 340 

— syncarpous fruits, 307 
Superposed, 319 
Supervolute, 151 
Suppression, 352 
Supra-axillaiy, 135 
Surculose, 114 


Surface of style, 281 

— - - testa, 326 
Suspended ovule, 318 

- seed, 325 

Suspensor, 334, 796, 800 
Sutural, 244, 295 
Sutures, 237, 292 
Syconus, 316 
Symmetrical flower, 346 
Symmetry of flower, 345 
Sympndial, 103 
Sympodiuin, 104 
Synantherous, 248 
Syncarpous, 348 

— fruits, 290, 302, 3 >6 

— pistil, 19, 265, 267 
Syngene-dous, 218 

Sjnoehreate, 177 
Systematic botany, 2 


Tarular cells, 36 

— parenchyma, 45, 81 
Tailed, 287 
Taper-pointed, 163 
Tap-root, 126 
Tegmcn, 20, 326, 328 
Tegmenta, 101, 177 
Telu-eonte.vta, 45 
Teleutospores, 373 
Tendril, 111 
Tendrils of leaves, 180 
Teratology. 348 
Terminal intim eocence, 202 
Ternary, 346 

Terna'e, 1 70 
Tertiary axis, 190 
Testa, 20, 326 
Tetradynaruous, 250 
Tetragonal, 346 
Tetraiuerous, 346 
Tetrandrous, 246 
Tetrapetalous, 228 
Tetrasepalous, 218 
Texture of testa, 326 
Thalamium, 378 
Thalamus, 16, 257, 285, 354 
Thallogens, 7 
Thallome, 7 
Thallopliytes, 7 
Thallus, 7 
Thecae, 357, 359 
Theoretical structure of 
the flower, 340 
Thorn, 110 
Three -ranked, 146 

— cleft, 159, 219, 281 

— ribbed. 154 
Throat, 219, 226 
Thyrse, 200 
Thyrsus, 200 
Tigelle, 333, 336 
Toothed, 158, 218, 226, 235 
Torus, 257, 285 
Tracheae, 60 

— gpurious, 52 
Traohonchyma, 50 
Trama, 374 
Transformation, 354 


Transmission, 757 
Transpiration, 770 
Transplanting, 765 
Transporting seeds, 8 >7 
Transverse dehiscence, 
244. 294, 299, 308 

— chorisis, 350 

— ovule, 823 
Tree, 109 
Triadelphous, 248 
Triandrous, 246 
Triangular, 346 
Trie homes, 60 
Trieoccous, 297 
Trioostate, 154 
Tridentato, 219 

Trifld, 169, 161,219, 281,283 
Trifoliate, 170 
Trigonal, 316 
Trigonous, 265 
Tnjugate, 168 
Trilobate, 283 
Tri locular, 268 
Ti microns, 316 
Trimorphic, 801 
Triovulal e, 31 7 
Tiipartitc, 159, 161,219, 281 
Tripetaloua, 225 
Tri pinnate, 170 
Tripinnatifid, 160 
TripiunatipnrtKe, 160 
Tripinnatiscolcd, 160 
Triple-ribbed, 154 
Triplicostate, 154 
Trisected, 159 
Trisepalous, 218 
Trispcrmouh, 325 
Tristichon->, h 6 
Triternute, 172 
Trivalvulnr, 294 
True arillus, 329 

— fruit, 803 

— netted venation, 154 

— raphides, 32 

— root. 120, 129 
Truncate, 163 
Truncated root, 134 
Trunk, 109 
Tryma, 310 

Tube, 219, 226 
Tuber, 116 

Tuberouluted root, 130 
Tubercule, J30 
Tubular, 220, 224, 226 

— leaf, 167 
Tuft, 143 

Tutted leaves, 143 
root, 131 
Tunic, 118 
Tuuicated bulb, 118 
Turpentine vessel , 69 
Twining, 109 
Twisted activation, 213 

— root, 1 34 

— vernation, 150 
Two-cleft, 159, 281 
Two-ranked, 145, 346 
Tyloses, 49 
Tympanum, 866 
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Umbel, 201 
Umbelliferous, 20 2 
Umbellule, 202 
Uncinate, 61 
Undershrub, 109 
Undulated, 168 

— growth, 864 
Unequal leaf, 163 
Unequally pinnate, 168 
Unguiculate, 223 
Unguis, 223 
Unijugate, 168, 170 
Unilateral, 208 
Unilocular, 237, 269, 290 
Union of stamens, 247 
Uniparous, 208 
Unisexual, 20 ,233, 362 
Univalvular, 294 
Unlining, 348 
Unsymmetrical, 34G 
Uovili, 106 

Urania, 767 
Urceolate, 220, 227 
Uredo-fruits, 372 
Uredo-spores, 372 
Urn-shaped, 167, 227 
Utricle, 304 

— primordial, 26 
Utricular vessels, 48 


Vaotna, 136, 176 
Vaginal, 161 
Vaginule, 365, 368 
Valvate, 160, 212 
Valves, 293 

Valvular dehiscence, 245. 
294 

Varieties of bracts, 187 


Varieties of phyllotaxis, 
144 

Vascular bundles, 72 

, closed, 73 

, definite, 72 

, indefinite, 72 

, origin and growth 

of, 72-74 

, progressive, 72 

, simultaneous, 74 

— plants, 7 

— tissue, 48 
Vasiform tissue, 48 
Vaucheria,384 
Vegetable mucilage, 749 

— respiration, 775 
Veil, 374 

Veins, 134, 137,161 
Veinless, 151 
Vein lets, 151 
Venation, 138, 151 

— of acotyledonous leaves, 
165 

— , varieties of, 152, 153, 1 54 
Ventral suture, 260, 292 
Vernation, 148, 211 
Versatile, 240 
Vertical system, 64, 70 

— cliorisis, 350 
Verticil, 142 
Verticillastcr, 209 
Verticillate, 142 
Vesicles, germinal, 20 
Vesicular vessels, 63 
Vessels, 48 

— functions of, 760 
Vexillary, 214 
Vexillum, 214, 226 
Vital force, 24 


Vitality of seeds, 800 
Vitellin -globulin, 35 
Vitellus, 328 
Vittae, 69 

Volatile constituents, 813 
Volvox, 2 


Wall of pollen -cell, 253 
Wardian cases, 780 
Warts, 65 
Watery sap, 819 

— vapour, exhalation of, 7 70 
Wavy, 158 
Wedge-shaped, 165 
Weeping, 110 

Wheel shaped, 227 
Whorl, 142, 354 
Whorled, 142, 147, 194 
Wing, 175, 226 
Winged. 1 75, 327 
Wood-cells, 47 
Wood, structure of, 77 

— formation of, 768 

— functions of, 768 
Woody fibres, 43 

— parenchyma. 91 

— tissue, 47 

ot the liber, 47 


Xanthic, 786 
Xylern, 72 

Zones of wood, 77 
Zoogonidia, 385 
Zoospores, 385, 388, 756 
Zoothecee, 364 
Zygospore, 384, 788 
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Abbreviations, 397 
Abelinosehus, 457 
Abies, (176 
Abiete®, 676 
Ablaluz, 697 
Abroma, 460 
Abrus, 519 
Abortive plant, 621 
Absinthe, 581 
Abuta, 431 
Abutilon, 455 
Acacia, 526 
— bark, 527 
Acama, 533 
Acalypha, 657 
Acanthaceae, 624 
Acanthus, 624 
Acer, 478 
Aceracere, 478 
Achilleea, 580 
Achlya, 745 
Achras, 592 
Achyranthes, 633 
Ackawa nutmeg, 642 
Aconitum, 424 
Acoraceae, 703 
Acorn, 666 
Acorns, 703 
Acotyledones, 726 
Acramphibrya, 416 
Acrobrya, 416 
Acrodiclidium, 642 
AcrogonaB, 726 
— , analysis of, 734 
Acrostichum, 727 
Actasa, 425 
Actseeee, 424 
Adam’s needle, 698 


Adansonia 458 
Adder’s tongu *, 728 
Aden aloe-*. 697 
Adenantliera, 527 
Adiuntum, 727 
Adriatic oak, 666 
JEgiceracoae, 612 
JEgilops, 720 
485 

JEscbynomene, 519 
JEsculus, 473 
JEtlmsa, 562 
African bdellium, 516 

— cubebs, 637 

— elenii, 516 

— hemp, 698 

— kino, 623 

— millet, 722 

— myrrb, 516 

— oak, 659 

— olibanum, 516 

— rubber, 596 

— saffron, 626 

— teak, 659 

— tragacanth, 459 
Agalloehum, 640 
Agar-agar, 746 
Agaricus, 738 
Agathophyllum, 642 
Agathotes, 600 
Agave, 690 
Aglaia, 483 
Agrimonia, 532 
Aguamiel, 690 
Aguardiente de Maguey, 

690 

Ahalim, 640 
I Ahaloth, 640 

3 i 


Ailanthus, 495 
Ajwaln, 661 
Akce-iruit, 174 
Ak fibres, 601 
Aka, 551 
Alaugiame, 506 
Alangmm, 656 
Al«ru, 746 
Albar iin, 721 
Aleliemilla, 533 
Alcornoque bark, 480, 52 ), 
067 


dder, 668 
deoxylon, 640 
detris, 691 
deurites, 657 
d«»xanders, 561 
Jexandrian senna, 524 
- wormseed, 681 
Ifa, 723 
lgte, 742 
edible, 7 14 
lgaroba, 527 
lgarobilJa, 527 
lgerian rose oil 502 
lguo de Java, 746 
lhagi, 519 
lisrna, 708, 709 
lismaoeee, 708 
lkanct, 616 
Ikanna, 535, 616 
lligator pear, 428, 6 14 
Ilium, 697 
llspice, 651 
Imond, 531 
bitter, 531 
powder, 531 
sweet, 631 
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Almond tree, 531 
Alnus, 668 
Aloe, 697 

— fibre, 690 
Aloes, 640 

— wood, 640 
Aloysia, 621 
Alpinia, 684 
Alsineee, 453 
Alsodese, 448 
Alstonia, 595 

— bark, 595 
Alstrcemeria, 690 
Althaea, 456, 458 
Altingiaceee, 669 
Alum root, 502, 536 
Alva marina, 713 
Alyxia, 595 
Amadou, 739 
Amanita, 738 
Amaranthacese, 633 
Amaranth order, 633 
Amaranthus, 633 
Amaryllidaceee, 689 
Amaryllis, 689 
Ama-tsjd, 537 
Amboyna kino, 523 
Amelancluer, 533 
American aloe, 690 

— alcornocjue, 480, 520 

— balm of Gilead, 517 

— calumba, 599 

— centaury, 600 

— colocynth, 546 

— cranberry, 587 

— deal, 678 

— ginseng, 565 

— hellebore, 700 

— horsechestnut, 473 

— ipecacuanha, 532, 658 

— nutmegs, 429 

— pennyroyal, 619 

— plants, 588 

— sarsaparilla, 564 

— senna, 524 

— tobacco, 609 

— wintergreen oil, 589 
Ammannia, 535 
Ammoniacum, 563 
Amomum, 684 
Ampelidaceae, 486 
Ampelopsis, 487 
Amphibrya, 416 
Amygdalece, 530, 531 
Amygdalus, 531 
Amyridacere, 515 
Amyris, 515 
AnaeardiaceaB, 512 
Anacardiurn, 513 
Anacuhuite wood, 602 
Anacyclus, 581 
AnagyriB, 519 
Anftmirta, 430 
Ananassa, 692 
Anastatica, 442 
Anchusa, 616 

Anda, 657 

Andaman red-wood, 523 
Andira, 520, 521 


Andrseace®, 733 
Andrseece, 733 
Andria, 402 
Andrographis. 624 
Andromeda, 588 
Andropogon, 720 
Androsaemum, 470 
Anemone, 425 
Anemoneae, 424 
Anemopsis, 639 
Anesorhiza, 560 
Anethum, 561 
Angelica, 561 

— tree, 564 
Angiospermia, 422 
AngoLa grass, 722 

— copal, 526 
Angrracum, 682 
Angustura bark, 492 
Anting, 526 

Anise, 561 
Anisomelos, 619 
Anjudan, 563 
Annatto, 446 
Annual henbane, 603 
Annulated ipecacuanha, 
572 

Anona, 428 
Anonacete, 428 
Anophyta, 416 
Anthemis, 581 
Anthistiria, 720 
Anthoceroteae, 734 
Anthriscus, 5G0 
Antiaris, 653 
Antidesma, 655 
Antifat, 746 
Antsjar, 653 
Apiaceae. 558 
Apium, 560 
Aplopappus, 542, 581 
Aplotaxis, 581 
Apocynaceas, 594 
Apocynum, 595 
Aporosa, 660 
Apostasia, 683 
Apostasiaceae, 683 
Appalachian tea, 570, 592 
Apple. 533 

— of Sodom, 667 
Apricot, 53 1 
Aqua Naphi, 485 
Aquifolmeeae, 591 
Aquilaria, 640 
Aquilariaceae, 640 
Aquilegia, 426 
Arabian myrrh. 516 

— olibanum, 516 

— senna, 524 
Aracese, 710 
Arachis, 520, 524 
Aralia, 564, 565 
Araliacese, 563 
Araroba, 520 
Ara ruta, 686 
Arar tree, 677 
Araucaria, 677 
Archangelica, 561 
Arctium, 581 


Arct&staphylos, 588 
Areca, 705 

— charcoal, 705 

— nut 705 
Areng palm, 706 
Areu, 705 
Argel leaves, 601 
Argemone, 437 
Arisfiema, 711 
Aristolochio, 662 
Aristolochiacete, 661 
Aristotelia, 463 
Armeria, 613 
Armoracia, 443 
Arnatto, 446 
Arnica, 581 

— root, 581 
Aro, 621 

Aromatic umbelliferte, 
561 

Arrack, 705, 706 
Arracacha, 500, 560 

— grass, 708 
Arrow-root, 680, 685 

— East Indian, 684 

— English, 607 

— Portland, 711 

— We^t Indian, 685 
Artanthe, 637 
Artemisia, 581 
Artichoke, 582 
Artocarpaceag, 652 
Artocarpus, 653 
Arum, 711 
Arundo, 720 
Asagreea, 699 
Asarabacca, 662 
Asarum, 662 
Asclopiailaceae, 600 
Asclepias, 601 
Ash, 610 

Ash manna, 610 
Asparagus, 697 
Aspergillus, 737, 739 
Asphodelus, 697 
Aspidium, 728 
Aspidosperma, 595 
Assafoetida, 563 
Assam rubber, 652 
Asteracese, 551 
Asteroideac, 579 
Astralagus, 520 
Astroloma, 590 
Ataccia, 691 
Atap, 710 
Atees, 424 
Atherosperraa, 645 
Atberospermaceae, 644 
Atriplex, 634 
Atropa, 608 
Atropacese, 606 
A trope®, 606, 608 
Attalea, 705 
Attar of rose, 532 
Aucklandia, 581 
Aurantiacese, 483 
Australian alstonia bark 
695 

— copal, 677 
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Australian dammar, 677 

— manna, 660 

— sassafras, 646 
Ava, 638 
Avena, 720 
Averrhoa, 600 
Avicennia, 621 
Avignon berries, 611 
Avocado pear, 644 
Ayer-ayer, 483 
Azadirachta, 483 
Azalea, 688 


Bajbool, 627 
Bael. 486 

Bahia piassaba, 706 
Bahlah, 527 
Balanites, 616 
Balanophora, 671 
Balanophoraceaj, 671 
Balatas, 592 
Balaustina flowers, 552 
Balaustion, 652 
Bald-money, 662 
Balm, 619 

— of fir, 676 

Gilead, 516 

Mecca, 516 

Balsaminacese, 500 
Balsam ito, 622 
Balsamodondron, 515 
BRlsam order, 500 

— tree, 468 

— of Acouchi, 517 

copaiba, 525 

Peru, 522 

Tolu, 522 

— — Umiri, 490 
Bamboo, 720 
Bambusa, 720 
Banana, 686 
Bacoul nut, 657 
Bandakai, 457 
Banda paper, 457 
Bandoline, 746 
Baneberry, 425 
Bang, 650 
Baobab tree, 458 
Baphia, 524 
Baptisia, 520 
Barbadoes aloes, 697 

— cherries, 480 
Barbary wormseed, 581 
Barberry, 431 
Barilla, 634, 661 
Barley, 721 

— sugar, 722 
Barosma, 491 
Barricarri seeds, 527 
Barringtonia, 563 
Barringtoniaceee, 553 
Barus camphor, 464 
Barwood, 524 
Basella, 635 
Bassellacese, 635 
Bassia, 592, 693 
Bast, 463 


Bast, Cuba, 457* 

Bastard ebony, 590 

— ipecacuanha, 601 

— French physic nut, 
6 59 

— myrobalans, 556 

— saffron, 682 
Batatas, 603 
Batidaceae, 661 
Batis, 661 

Battledore barley, 721 
Bauhinia, 624 
Bay-berry, 661, 643 
Baycuru, 614 
Bay rum, 651 
Bdellium, 516 
Beam-tree, 533 
Bean -caper, 497 
Beans, 518 
Bearberry, 588 
Beatsonia, 461 
Beaver- tree, 427 
Bedda nuts, 656 
Beeberu, 644 
Beech, 666 

— mast, 666 
Beef-wood, 526, 068 
Beet, 634 
Begonia, 646 
Begoniaceae, 646 
Bejetlan, 483 
Bell-flower order, 584 
Bell -pepper, 607 
Belvisia, 553 
Belvisiacea\ 553 
Ben<jao de Boos, 455 
Bengal gram, 621 

— hemp, 521 

— kino, 520 
Benjamin-tree, 593 
Ben no oil, 622 
Ben-nuts, 628 
Bentham’s Genera Plant- 

arum, 418 
"Benzoin, 556 
Berberklaceae, 431 
Berberine-tree, 428 
Berbens, 433 
Bere, 721 
Bergamot, 486 
Bergera, 486 

Bermuda arrow-root, 685 
Berthelotia, 581 
Bertholletia, 652 
Beta, 634 
Betel, 574, 705 
Betel nut, 705 

— catechu, 705 

— palm, 705 

— pepper, 638 
Beth-root, 695 
Betterave & sucre, 634 
Betula, 669 
Betulaceae, 668 
Bevilacqua, 562 
Bbadlee, 722 
Bhang, 650 

Btbiru bark, 644 
Biennial henbane, 608 


Bigg, 721 
Bignonia, 624 
Bignoniacete, 623 
Bilberry, 587 
Billardiera, 488 
Billbergia, 692 
Bindweed, 603 
Birch wine, 669 
Birches, 668, 669 
Bird lime, 691 

— pepper, 007 
Birthwort, 662 
Biscuit roots, 697 
Bish, 424 

Ilissa bol, 516 
Bistort, 632 
Biting stonocrop, 588 
Bitter almond, 531 
essential oil of, 531 

— apple, 646 

— ash. 495 

— cassava, 659 

— cucumber, 645 

— cups, 495 

— oil, 468 

— orange, 485 

— sweet, 607 

— vetch, 619 

— wood, 429, 495 
Bixa, 447 
Bi\acea\ 446 
Bizarres, 464 
Black alder, 511, 692 

— aloes, 697 

— amadou, 739 

— bark, 592 

— berry, 533 

— birch, 669 

— bryony, 693 
bully, 692 

— cummin, 425 

— currant, 548 
dammar, 465, 516 

— drink, 591 

— ebonv, 590 

— ginger, 685 

— hellebore, 425 

— - mustard, 413 

— nightshade, 607 

— oak, 666, 667 

— pepper, 637 

— spruce fir, 677 

— tea, 466, 467 

— thorn, 531 

— varnish, 613 

of ftylhet, 513, 614 

— walnut, 666 

— whortleberry, 587 

— v, ood, 52 1 
Blackberry, 533 
Black boy gum, 698 
Bladderlocks, 746 
Bladder-nut order, 509 

— senna, 521 
Blighia, 474 
Blimbing, 600 
Blood-red orange, 485 

— -root, 438, 690 
Blue cohosh. 433 
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Blue flag, 688 

— galls, 667 
Blumea, 681 

— camphor, 682 
Boehmena, 649 
Boerhaavja, 633 
Bog-beau, 699 

— moss, 732 

— myrtle, 667 

— ouion, 728 

— whortleberry 687 
Bol, 663 

Bois tan 480 
Boldo, 646 
Boldoa, 646 
Boletus 738 
Bombax, 469 
Bombay masticb, 613 

— senna, 624 
Bom by x, 496 
Bondueella, 526 
Bonnet peppei, 6 )7 
Bookum wood, 624 
Borage, 616 
Boragina( ete, 615 
Borago, 616 
Borassus, 705 
Borneo camphor, 464 
« — rubber, 596 
Boswollia 616 
Botany Bay kmo, 550 
oak, 668 

resin, 698 

Botrytis, 738 
Bottle gourd 546 
Bourbon cotton, 456 

— tea, 682 
Bouza, 721 
Bowdichia, 520 
Bow string hemp, 698 
Box tree, 657 
Bragantia, 662 
Brake, 728 
Biassica 442 
Brassicacete, 439 
Brayera, 632 
Braziletto wood, 518, 524 
Brazilian arrow root, 659 

— clove baik, 643 
t— cocoa, 474 

— copal, 526 

— elemi, 517 

— holly, 591 

— nutmeg, 643 

— rbatany, 477 

— sarsaparilla, 694 

— sassafras, 644 

— wax, 706 

— tea, 621 
Brazil nut, 652 
tree, 652 

— wood, 624 
Bread fruit, 653 

— nuts, 654 
Breakstone, 533 
Brexiacese, 489 
Brexia order, 489 
Bright's nutritious farina, 

607 


Bristlewort, 714 
British oak 666 
Brittle worts, 743 
Broad beans, 519 
Brocoli, 442 
Bromelia, 692 
Bromeliaceee, 691 
Bromus, 719 
Broom, 518 523 

— rape, 626 
Brosimum, 653 
Broussonetia, 652 
Brown coloured algee, 743 
Brown Indian hemp, 457 

— rhatany, 477 

— tamnrm is, 625 
Brucea, 495 

B uma, 658 
Bruniacese 558 
Biunoma, 587 
Brunonncae 587 
Bryaceae, 713 
Bryonn, 645 
Bryony 693 
Buchu, 491 
Buck bean, 699 

— eye, 473 
Buckthorn 511 
Buckwheat 632 
Bukkum wood 524 
Bullace 631 
Bully tree, 526 593 

wood 592 

Bulrush of the Nile, 717 
Bunchosia, 480 
Bunium 561 
Burgundy pitch, 6 76 
Bur nannia, 683 
BurmanmaceEe, 683 
Bui sera, 616 
Burseraceae, 515 

Bush tea, 521 
Bussorah galls, 667 
Batcher s broom, 698 
Butea, 520 

— gum, 520 
Butomaceae 709 
Butomus, 709 
Buttercup order, 422 
Butterfly weed, 601 
Butter of cocoa, 461 

nutmegs, 646 

nut, 665 

— tree, 469 
Butter wort 627 
Button snakeroot, 583 
Buxus, 657 
Byrsomma, 480, 520 
Byttnenuceae, 460 


Cabbage, 442 

— bark, 520 

— order, 439 

— palm, 707 

— rose, 532 


Cabeza del negro, 707 
( abombaceae, 433 
Cacao, 460 
Caohibou resin, 516 
Cactacese, 647 
Cactus, 647 
Cadaba 444 
Ceesalpuna, 525 
Caesalpmioce, 518 524 
Caffre bread, 680 

— corn, 722 
Cafta 509 
Caglian paste 723 
Cahoun nuts, 705 

— palm, 705 
Cajanus, 519 
Cajuput oil 551 
Cake gamboge 468 

— saftron, 582 688 
Calabar bean, 519 522 
Calabash nutmeg 429 

— tree 623 
Caladmm 712 
Calaguali 727 
Calamander wood, 590 
Calamus 706 
Calendula, 582 

Calla 703 

Oallitrichaceee 655 
Callitnolu 655 
Calhtris, 677 
Callophyllum, 468 
Calotropis, 601 
Calumbu, 431 
Calycantbacese 533 
Calycantlms 634 
Calyceia, 576 
Calyoeracece, 6 76 
Calyoiflora?, 508 

— analysis of, 565 
Calysaccion, 468 
Camara nutmeg, 642 
Camassia, 097 
Camata, 667 
Camatina, 667 
Camelma, 442 
Camellia, 466 

— order, 465 
Camelliacese, 465 
Camel s thorn, 519 
Camomile, 581 

— oil of, 581 
Campanula, 585 
Oampanulaceee, 584 
Camphor, 642 

— oil, 464 
Camphora, 642 
Oampylospermeae, 560 
Camwood, 524 
Canada balsam, 676 

— rice, 723 

— snake root, 662 
Canadian agaric, 739 

— balsam, 676 

— fleabane, 582 

— maidenhair, 727 

— pitch, 677 
Canagong, 540 
Cananga, 428 
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Canarium, 516 
Canary grass, 722 

— seed, 722 
Cancer-root, 626 
Candied lemon poel, 486 

— orange peel, 485 
Candle-berry, 667 
nut, 657 

tree, 623, 657 

Candytuft, 444 
Canella, 488 
Canellaceae, 488 
Canes, 706 
Cane sugar, 722 
Canna, 685 
Cannabinaceee, 650 
Cannabis, 650 
Caoutchouc, 595, 601, 652 
Cape aloes, 697 
Caper order, 444 

— spurge, 658 
Capers, 445 
Cape tea, 521 
Capillaire, 727 
Capit&o de matto, 621 
Capparece, 444 
Capparidacere, 444 
Capparis, 445 
Capraria, 625 
Caprifoliacens, 569 
Caprifolium, 570 
Capsicums, 608 
Carajuru, 624 
Carambole, 600 
Caramel, 722 
Carana rosin, 516 
Carapa, 483 
Caraway, 561 
Cardamme, 442 
Cardamoms, 684 
Cardiospermum, 473 
Cardoon, 582 
Carduus, 582 
Carex, 717 

Careya, 553 
Carica, 542 
Carissa, 595 
Carludovica, 710 
Carminative uinbelliferre, 
561 

Carnation, 453 

— grass, 717 
Carnauba palm, 706 

— wax, 706 
Carob, 625 

— bean, 525 
Carolina allspice, 534 

— pink, 597 
Carpathian balsam, 678 
Carpet weed, 453 
Carpinus, 666 
Carrageen, 746 
Carron oil, 498 
Carrot, 561 
Carthamus, 582 
Carum, 561 

Cary a, 665 
Carvocar, 471 
Caryophyliaceie, 451 


Oaryopliyllus, 550 
Caryota, 706 
Casca, 643 

— bark, 527 
Cascara, 511 
Cascarilla, 657 
Casearia, 647 
Cashew nut, 513 

— tree, 513 
Casimiron, 485 
Cassa bark, 527 
Cassareep, 659 
Cassava, 659 
Cassia, 524, 643 

— bark, 643 

— buds, 6 i 3 

— lignea, C43 

— oil of, 643 
Cassumunar, 684 
Cassytha, 644 
Cassythacoa*, 644 
Castanea, 666 
Costanha nuts, 552 
Castanospermnm, 521 
Castilloa, 654 
Castor oil. 659 

plant, 659 

seeds, 659 

Casuarina, 668 
CasimnnacenB, 668 
Catechu, 526, 574, 705 
Cat ha, 509 
Catmint, 619 
Cauliflower, 442 
Caulophyllum, 433 
Cava, 638 

Cayenne pepper, 607 
Ceanothus, 51 1 
Cenra India rubber, 659 
Ocoropia, 481, 654 
Cedar, 677 

Cedar- wood of Guiana. 
517 

Cedrat, 486 
Cedrela, 482 
Cedrelacese, 481 
Cedrus, 677 
Celandine, 437 
Celastraceaj, 508 
Celastrus, 509 
Celery, 560 
Celosia, 633 
Colte®, 648 
Celtis, 648 
Cenomyce, 741 
Centaury, 599 
Cephaelie, 572 
Cephalic snuff, 662 
Cerasus, 531 
Coratonia, 525 
Ceratophyllacece, 655 
Ceratophyllum, 655 
Cercis, 518 
Cereal grains, 719 
Cereus, 547, 548 
Ceropegia, 601 
Ceroxylon, 706 
Cetraria, 740 
Cetronella oil, 720 


Cevadilla, 699 
Ceylon cardamoms, 685 

— catechu, 705 

— ebony, 590 

— moss, 746 
Cliucha, 546 
Chailletia, 648 
Chailletiacero, 648 
Chamselauciacem, 652 
Clmmmropg, 706 
Chamomile, 581 

— oil of, 581 
Champacn, 428 
Champignon, 736, 738 
Clmra, 742 
Characese, 742 
Characters, 395 
Chataigne d’eau, 555 
Chaulmoogra, 447 
Chnvico, 638 
Chay-root, 574 
Chomintlms, 444 
Chekan, 661 
Chelidonium, 487 
Ohenopodiaccte, 633 
Chenopodiinn, 634 
Cheritnojer, 428 
Cheroot, 674 
Cherry, 531 

— birch, 669 

— laurel, 632 

— - pepper, 607 
Chervil, 660 
Chestnut, 473 
Chian turpentine, 513 
Chibou resin, 516 
China, 527, 624, 683, 723 
Chichm, 525 

Chick pea, 521 
duckweed, 453 
('hiele, 593 
Chicory, 583 
Chicot, 528 
Chili-nettle, 546 
Chillies, 607 
ChimaphiU, 589 
China camphor, 642 
cardamom 1 *, 684 

— orange, 485 

— root, 694, 739 

— tea, 466 

Chinese gaiangal, 684 

— grass-cloth, 649 

— green indigo, 512 

— moxas, 581 

— oil of pepjKjrmint, 
619 

— - tallow, 660 

— wax, 610 

— yam, 693 
Ohiquito, 565 
Chirettn, 600 
Chittagong, 482 
Chive, 697 
ChlaenacenB, 465 
Chloranthacew, 638 
Chloranthus, 638 
Chlorospcrmese. 743 
Ohlorosportie, 743 
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Chloroxylon, 482 
Choco, 546 
Chocolat, 461 
Chocolate order, 460 
Chocolate, 460 
Choke berry, 532 

— cherry, 632 
Chondrodenrlron, 431 
Chondrus, 744, 746 
Choopa, 474 
Chorisia, 459 
Christmas rose, 426 
Clirysobalaneae, 530 
Chrysobalanus, 531 
Cbrysophyllum, 5*92 
Chufa, 717 
Churrus, 650 
Cibotium, 728 
Cicer, 621 
Cichoraceae, 579 
Cichoreae, 580 
Cichorium, 683 
Cicuta, 562 
Cimicifuga, 425 
Cinchona, 572 

— bark, 572 
Cinclionaceee, 571 
Cinchonese, 572 
Cmnamodendron, 489 
Cinnamomum, 643 
Cinnamon, 643 

— suet, 643 
Cissampelos, 431 
Cissus, 487 
Cistacea?, 445 
Cistus, 446 

— rape, 671 
Citron. 485, 486 
Citronelle, 720 
Citrullus, 545 
Citrus, 485, 486 
Cladonia, 741 
Classes, 394 
Claviceps, 738 
Claytonia, 539 
Clearing nut, 598 
Cleavers, 573 
Clematideae, 424 
Clematis, 425 
Cleome, 445 
Cleomese, 444 
Clerodendron, 621 
Clitoria, 521 
Cloudberry, 533 
Clove cassia bark, 643 

— bark, 643 

— nutmeg, 642 

— pink, 453 

— stalks, 550 

— tree, 550 
Clover, 518, 519 
Cloves, 650 
Clovewort order, 451 
Club-moss, 730, 731 

rushes, 717 

Clusla, 468 
ClnsiaoeaB, 467 
Cluster pine, 678 
Cobnuts, 666 


Coca, 480 
Coccoloba, 632 
Cocculus indicus, 430 
Coccus pe-la, 610 
Cochineal, 548 
Coohlearia, 443 
Cochlospermutn, 447 
Cock’s-comb, 633 
Cocoa, 460 

nut, 706 

butter, 706 

fibre, 706 

oil, 706 

palm, 706 

— plum, 531 

— tree, 460 
Cocoes, 712 
Cocos, 706 
Cocus, 660 
Codarivun, 525 
Ccelooline, 428 
Ccelospermese, 560 
Coffea, 673 
Coffcse ,573 
Coflee, 573 

— tea, 673 
Cohosh, 433 
Coir, 706 
Coix, 721 
Cola, 459 
Colchicacese, 698 
Colchiceae, 698 
Colchicum, 700 
Cole, 442 
Collomia, 604 
Collodion, 456 
Colocasia, 712 
Colocynth, 545 
Colombo catechu, 705 
Colorado hemp, 595 
Coltsfoot, 583 
Columbine, 426 
Columelliacea?, 575 
Oolumellia order, 575 
Colutea, 521 

Col/a. 442 
Comacum, 643 
Combretacese, 555 
Comb return, 655 
Oomfrey, 616 
Commelyna, 701 
Commelynaoese, 701 
Common allspice, 551 

— camphor, 643 

— chamomile, 583 

— cocoa, 461 

— elder, 570 

— fennel, 561 

— laurel, 632 

— liquorice, 521 

— lime, 463 

— linden, 463 

— mushroom. 736, 738 

— orange, 485 

— rue, 492 

— senna, 524 

— - wood sorrel, 500 
Compass plant. 583 
Composite, 577 


Composite order, 577 
Comptonia, 667 
Concentrated castor oil, 
660 

Concrete oil of mango- 
Bteen, 469 
Oondurango, 601 
Conessi bark, 596 
Confervoidese, 743 
Comferse, 675 
Coniierous order, 675 
Conium, 562 
Connaraeeae, 514 
Connarus, 514 
Consumptive weed, 615 
Convolvulaceae, 60 J 
Convolvulus, 603 
Oookia, 486 
Copaiba, 625 
Copaifera, 625 
Copal, 525, 526 
Copalche, 657 

— bark, 595, 598, 657 
Copalm balsam, 669 
Copermcia, 706 
Coprinus, 737 
Coprosma, 573 
Coptis, 425 
Coquetta bark, 572 
Coqmlla nuts, 705 
Corchorus, 463 
Cordia, 602 
Oordiaceee, 602 
Cordyceps, 738 
Corema, 661 
Coriander, 561 
Ooriandrum, 561 
Conaria, 494 
Ooriariaceae, 494 
Cork-wood, 428 

— oak, 666 

Corky copalche bark, 
657 

Cormophyta, 726 

— analysis of, 734 
Comaceee, 557 
Cornel, 557 
Cornelian cherry, 557 
Comflag, 686 
Corn-poppy, 438 
Cornus, 657 
Corolliflorae, 569 

— analysis of, 627 
Coromandel wood, 590 
Coronilla, 519, 521 
Correa, 492 
Corsican moss, 746 
Cortex alstoniee, 595 

— thymiamatis, 669 
Corydalis, 489 
Corylacefe, 665 
Corylus, 666 
Corymbiferte, 579 
Corypho, 706 
Coscinium, 431 
Costtis, 581 

Goto bark, 574 
Cotton, 456 

— grass, 717 
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Cotton root bark, 467 
Cotyledon, 638 
Cotyledones, 422 
Country almonds, 566 

— sarsaparilla, 60 . 
Courbaril, 626 
Cowbane, 662 
Cowberry, 687 
Cowdie pine, 677 
Cowhage, 622 
Cow-itch, 522 

— plant, 60 1 

— tree, 696, 663 
Cowslip, 612 
Crab oil, 483 
Crambe, 443 
Cranberry, 687 
Crane’s-bill order, 601 
Crassulaceae, 637 
Crassuleee, 638 
Crataava, 446 
Cratoxylon, 470 

Cream, of Tartar tree, 
469 

Cream-fruit, 596 
Creasote, 678 * 

— plant, 497 
Crescontia, 623 
Crescentiaceaa, 623 
Creyat, 624 
Crinum, 690 
Crithmum, 661 
Crocus, 688 
Cross breeds, 392 
Crotalaria, 521 
Croton, 657 

— oil, 657 

— pseudo China, 595, 667 

— seeds, 667 
Crowberry, 660 
Crowfoot order, 422 
Crownwort order, 641 
Crozophora, 658 
Cruciferoe, 439 
Crude camphor, 642 
Cryptocarya, 643 
Cryptogamia, 726 
Crystal worts, 734 
Cuacho tree, 654 
Cuba bast, 457 

— tobacco, 609 
Cubeba, 637 
Cubebs, 637 
Cuca, 480 

Cuchunchully de Cuenca, 
449 

Cuckoo-flower, 442 
Cuckoo-pint, 711 
Cucubalus, 453 
Cucumber, 546 
Cucumis, 645 
Cucurbita, 545 
Cucurbitacece, 643 
Cucurbiteee, 544 
Cudbear. 741 
Cudrania, 654 
Cuminum, 561 
Cummin, 561 
Cundurango, 601 


Cunoniaceae, 537 
Cunonia order, 537 
Cupania, 474 
Cup-moss, 741 
Cupressere, 676 
Cupressus, 677 
Cupuliferai, 065 
Curasao aloes, 697 
Curare, 598 
Curcas, 658 
Cnrculigo, 690 
Curcuma, 68 1 
— starch, 681 
Currant, 488, 548 
Cuscus, 720 
Cuscutrtceffi, 604 
Cusparia bark, 492 
C'usso, 532 
Custard apple, 428 
Cutch, 526 
Cyathea, 728 
Cycadacem, 679 
Cycas, 680 
Cyclamen, 613 
Cyclopia, 521 
Cydonia, 533 
Cynanchum, 601 
Cynara, 582 
CynareBB, 579 
Oynaroceplialre. 579 
Cynomorium, 671 
('yjwraceas, 715 
Cyperus, 717 
Cypliia, 585 
Cypress, 677 
Cypripedium, 682 
Oyrilla, 490 
Cyrillacea\ 490 
Cyrtandrere, 623 
Cylinacere, 671 
Cytinus, 672 
Cy tisus, 51 9 
Cyttaria, 738 


DACRYniUM, 679 
Dactyl is, 721 
Dalbergia, 521 
Dalmatian insect powder, 
583 

Damiana, 542 
Dammar, 464 
Dammara, 677 
Damsons, 531 
Danaea, 726 
Danneaoeee, 726 
DaneBeee, 726 
Dandelion, 584 
Dantzic fir, 678 
Daphne, 640 
Date coffee, 707 
— palm, 707 
Date plum, 591 
Dates, 707 
Datisca, 647 
Datiscacea?, 647 
Datura, 608 


Daucus, 561, 502 
Dawamea, 651 
Deadly nightshade, 608 
Dead Sea apples, 667 

— tongue, 562 
Deals, 678 
Deer berries, 589 
Deer’s tongue, 583, 728 
Delphinium, 425 
Demaram pink root, 597 
Deodar, 677 
Dcsmidieas, 743 
Desviiuxiacoce, 714 
Deutzia, 519 

Devil’s apple, 609 

— bit scabious, 576 
Dewberry, 533 
DhftturcoHs, 608 
Dial! urn, 525 
Diamba, 651 
Diamorphere, 538 
Diantlms, 453 
Diapeusiacea?, 598 
Diatomacea*. 743 
Diatom ea*. 713 
Diccjura, 439 
Dicliopsis, 593 
Diclinos, 709 

— analysis of, 725 
Dicotyledon ps, 422, 675 
DictammiH, 492 
Dictyogenaj, 6H2 
Dicvpollium,643 
Diolytra, 439 
Digitalis, 625 

Dika bn«d, 495 
Dill, 561 
Dillenia, 426 
Dilleniaceie, 426 
Dillesk, 747 
Dimon pine, 679 
Dion, 680 
Dionaea, 450 
Dioscorea, 693 
DioscQreaceae, 693 
DioRma, 491 
Diosmeee, 4.91 
Diospyros, 590 
Diplazium, 727 
Diplecolobeie, 442 
Dipsacucea?, 576 
Dipsacus, 576 
Di})terncete, 463 
Diptcrocarpus, 464 
Dipteryx, 521 
Dircn, 639 
Discaria, 511 
Dita bark, 595 
Dittany, 492 
Divi-divi, 524 
Dochna, 72 L 
Dodder, 604 

— laurel, 644 
Dodoncea, 474 
Dodonese, 473 
Dogbane, 594 
Dog bark, 657 

— rose, 632 

— violet, 449 
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Dog-wood, 511, 557 
Dolichospermum, 745 
Dombeya, 460 
Doom bark, 527 
Dorema, 563 
Dorstenia, 6 52 
Doryphora, 645 
Draceena, 697 
Draoontium, 703 
Dragon root, 711 

— tree, 697 

Dragon’s blood, 523, 706 
Drimys, 427 
Drop-wort, 562 
Drosera, 460 
Droseraceee, 449 
Drupaceaa, 530, 531 
Dryandra, 658 
Dry rot, 738, 739 
Dryobalanops, 464 
Duboisia, 6U8 
Duchai hemp, 519 
Duckweed, 712 
Dudaim, 609 
Duguetia, 428 
Duke of Portland’s pow- 
der, 662 
Dulse, 747 
Durian, 459 
Durio, 459 
Durra, 721 
Durvilltea, 746 
Dutch camphor, 642 

— madder, 574 

— rushes, 729 

— turnsole, 741 
Dwale, 608 
Dyer’s broom, 521 


Eagle wood, 640 
Earth almonds, 717 

— nuts, 561 

— oil, 520 

East Indian arrow-root, 
684 

> copal, 525, 526 

kino, 523 

mastich, 513 

myrrh. 516 

olibanum, 616 

rosewood, 521 

senna, 524 

tobacco, 609 

taoamahaca, 468 

teak, 621 

Eau d’ange, 561 
Eau de Mantes, 658 
Eau m&licmale d’Husson, 
700 

Ebenaceee, 590 
Eboe-nuts, 521 
Ebony, 590 
Ecballium, 545 
Echium, 616 
Eddoes, 712 

Edgeworthia, 640 | 


Edible mushrooms, 735 
Egg apples, 607 
Egus6 oil, 545 
Egyptian bean, 435 

— corn, 721 

— onion, 697 

— soap-root, 453 

— wheat, 723 
Ehretia, 616 
Ehretiaceaa, 616 
Ejow fibre, 705 
Elasagnacese, 640 
Eheagnus, 641 
Elasocai’peee, 462 
Elaeocarpus, 463 
Elseococca, 658 
Elaeodendron, 509 
Elais, 706 
Klapliomyces, 738 
Elaphrium, 516 
Elaterium, 645 
Elatinaceae, 451 
Elder, 570 

— flower water, 670 
, — wine, 570 
Elecampane, 583 
Elemi, 515 
Elephant apple, 486 
Elephant’s foot, 693 
Elettaria, 684 
Eleusine, 721 
Elloopa-tree, 592 
Elm, 648 

Embden groats, 720 
Emblica, 669 
Kmpetraceee. 660 
Empetrum, 660 
Encephalartos, 680 
Endive, 684 
Endocladia, 745 
English arrowroot, 607 

— elm, 648 

— mercury, 634 

— oil ot lavender, 619 

— rhubarb, 632 
Kpacridaceae, 690 
Epacris, 690 
Ephedras, 679 
Epiga?a, 588 
Epipctalee, 690 

— analysis of, 628 » 
Epiphegus, 6 26 
Epiphyllum, 547 
Equisetacere, 728 
Equisetum, 729 
Eranthis, 425 
Ergot of rye, 722, 737 
Erica, 588 
Ericaceae, 687 
Erioese, 588 
Erigeron, 582 
Eriobotr j a, 533 
Eriocaulaceae, 714 
Eriocaulon, 714 
Eriodendron, 459 
Eriodictyon, 615 
Eriophorum, 717 
Erodium, 502 

Erva de lbbisi, 620 


Ervum, 619 
Eryngium, 662 
Eryngo, 562 
1 Erysipelas plant, 617 
Erysiphe, 739 
Erythwea. 699 
Erythrophlceum, 527 
Erythroxylaceee, 480 
Erythroxylon, 480 

— coca, 480 
Escalloniaceae, 548 
E8callonia order, 548 
Esculent umbelliferee, 560 
Esenbeckia, 492 
Esparto, 723 

Essence of bergamot, 486 

cedrat, 486 

lemon, 486 

spruce, 677 

turpentine, 678 

virgin balsam, 522 

— de bigarade, 485 
citron, 486 

— — petit grain, 485 

Portugal, 485 

Essential -oil of bitter 

almonds, 531 

orange, 485 

cedrat, 486 

lemon, 486 

sweet orange, 485 

Ethiopian sour gourd, 458 
Eucalyptus, 550 

— kino, 550 
Eugenia, 551 
Eulophia, 682 
Euonymus, 509 
Eupatoriese, 579 
Eupatorium, 582 
Euphorbia, 658 
Euphorbiaoeee, 655 
European alcornoque bark, 

667 

— salep, 682 
Euryangiura, 562 
Euscaphis, 610 
Euterpe, 707 
Evening primrose, 554 
Evodia, 492 
Exacum, 599 
Exidia. 739 
Exogonium, 603 
Expressed oil of bays, 643 
Extract of liquorice, 522 
Ezrach, 643 


Faba, 519 

Fabaceee, 517 

Fagopyrum, 632 

Fagus, 666 

Faharn tea, 682 

False angustura bark, 597 

— calumba, 599 
— - dittany, 492 

— ipecacuanha, 449 

— myrrh, 516 
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False nutmeg, 643, 646 

— sarsaparilla, 564 
Fatsia, 665 

Fat pork, 468 
Feather grass, 723 
Female fern, 728 
Fennel, 661 
Fern order, 726 
Feronia, 486 
Ferula, 661, 562, 563 
Feuillma, 546 
Fever-destroying tree, 
550 

Ficoide#, 539 
Ficus, 652 

Field ladies’ mantle, 533 
Fig, 652 

— marigold, 539 

— wort, 624 
Filbert, 666 
Filices, 726 

Fine-leaved water drop- 
wort, 562 
Fir-rape order, 589 
Fir wool, 678 
Firs, 676 
Fistula, 626 
Fixature, 746 
Flucourtia, 447 
Flacourtiace#, 446 
Flakes, 454 
Flax, 497, 498 

— cotton, 499 

— seed, 498 
Fleabane, 582 

— Canadian, 682 
Flores cliamomillae, 583 
Florida, 680 
Floridese, 743 
Flosculous, 579 
Flower de luce, 688 
Flowering fern, 728 

— plants, 422 

— rush, 709 
Flowerless plants, 726 
Feeniculum, 561 
Fcenugreek, 623 
Folia malabathri, 643 
Fontalnea, 658 
Fool’s parsley, 562 
Forbidden fruit, 485, 486 
Foreign oil of lavender, 

619 

Forest lady’s herb, 581 

— oak, 668 

Formosa camphor, 642 
Fossil copal, 526 
Four o’clock plant, 633 
Four-rowed barley, 721 
Foxglove, 625 
Fox-grapes, 488 
Fragraria, 532 
Francoa, 538 
Francoaoece, 538 
Frangipanni, 596 
Frankenia, 450 
Frankeniace#, 450 
Frankincense, 516,678 

— pine, 678 


Fra sera, 599 
Fraxinus, 610 
French berries, 611 
-- colocynth, 545 

— geranium oil, 502 

— lavender, 619 

— plums, 531 

— scammony, 601 
Freziera, 466 
Fringe myrtle, 652 
Frog bit, 714 
Fuchsia, 555 
Fucoide#, 743 
Fueus, 745, 746 
Fuller’s teazel, 576 
Fulwa-butter, 592 
Fumariacece, 438 
Fumitory, 438 
Fundi, 722 
Fungi, 735 

— , edible, 735 
poisonous, 736 
Fungus inelitensis, 671 
Furze, 518 
Fusanus, 662 
Fusiform jalap, 603 
Fustic, 652 
— , old, 652 
— , young, 514 
— , Zante, 514 


CAETA lemon, 485 
Galactodendron, 653 
Galam butter, 592 
( ! alangftl root, 684 

— greater, 684 
lesser, 684 

— - light, 684 
Gulbanum, 563 
Galiace#, 571 
Q-ulipea, 492 
Galipot, 678 
Galium, 573 
Galls, 667 
Gam bier, 674 
Gamboge, 468 

— order, 467 
- thistle, 437 

Gnnitrus, 463 
(ianja, 660 
Garance, 574 
G uremia, 468 
Garden carrot, 561 

— cress, 443 

— nasturtium, 503 

— orach e, 634 

— sage, 620 

— thyme, 619, 620 
Gardenia, 573 
Garlic, 697 

— pear, 445 
G-arrya, 664 
Garry ace#, 664 
Gatah SCmdek, 593 
Geissospcrmum, 596 
Gelidium, 740 


Gelose, 745 
Gelaomium, 697 
Genera, 393, 897 
Genipn, 573 
Genipap, 673 
Genista, 621 
Gentian, 699 
Gentinna, 699 
Gentianace#, 698 
Gentianem, 699 
Genus, 393 
Geoffroya, 521 
Gerunineere, 501 
Geranium, 602 

— oil, 502, 720 

of India. 502 

German chamomile 

683 

— geranium oil, 502 

— millet, 722 

— sarsapaiilla, 717 

— tinder, 739 
Gfsnern, 622 
Gesnemcea*, 622 
Gcsiiere#, 623 
Geum, 632 
Uicsekia, 636 
Gigartina, 746 
Gillen ia, 632 
Oilliesin, 700 
Gilliesiaee#, 700 
Gin gel ly oil, 622 
Ginger 686 

Gingerbreud-trco, 707 
Ginseng, 566 
Glaphyria, 551 
Globularia, 622 
Gloiopeltis, 745 
Glutnace#, 715 

- analysis of, 726 
Glumiferre, 715 
-- analysis of, 726 
Glycine Boja, 523 
Glycyrrhiza, 521 
Gindina, 621 
Gnetacea), 679 

( . oa powder, 520 
Gobbo, 524 
Goitre-stieks, 747 
Gold of pleasure, 442 
-- thread, 425 
Golden seal, 425 

- syrup, 722 
Goinbo, 467 
Gommuti fibre, 705 

- - palm, 705 
Gomphia, 494 
Gomphocarpus, 601 
Gompholobium, 519 
Goniphrena, 633 
Gongonha, 691 
Gonolobus 601 
Goodeniace#, 586 
Gooden ia order, 686 
Googul, 516 
Gooseberry, 548 
Goosei’oot, 033 
Goose-grass, 573 
Gopher wood, 677 
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Gordonia, 466 
Gossypium, 456 
Gouania, 511 
Gourd, 643 
Gouzab&ra, 616 
Gracilaria, 744, 746 
Grains of Paradise, 684 
Graines d’ Avignon, 511 
Gram, 521 
Graminacete, 717 
Granadillas, 541 
Granateas, 551 
Grapes, 487 
Grape-vine, 487 
Grass order, 717 

— oils, 720 

• of Namur, 720 

— trees, 698 
Gratiola, 626 
Gray plum, 531 
Greater maple, 479 
Great mullein, 626 
Great water dock, 632 
Green bay, 643 
Greengage, 531 
Green! leart tree, 644 
Green-coloured algne, 743 
Green hellebore, 700 

— laver, 747 

— putchuk, 662 

— tea, 466 
Greens, 442 
Grewia, 463 

Griff es de girofle, 550 
Grindelia, 582 
Grislea, 535 
Groats, 720 
Grosbulariacenp, 548 
Ground liverwort, 741 

— nut, 520 

oil, 520 

Guaco, 583, 662 
Guaiacum, 496 

— resin, 496 

— wood, 496 
Gualtheria, 588 
Guana, 640 
Guarana, 474 

— bread, 474 
Guarea, 483 

Guatemala sarsaparilla, 
694 

Guavas, 551 

Guayaquil sarsaparilla, 694 
Guaycuru, 614 
Guazuma, 460 
Guelder-rose, 570 
Guettarda, 573 
Gugul, 516 
Guibourtia, 525 
Guilandina, 525 
Guimauve, 456 
Guinea corn, 721 

— grass, 722 

— henweed, 636 

— oil palm, 706 

— pepper, 607 
Guizotia, 382 
Gulancha, 431 


Gulf weed, 747 
Gftl-i-pista, 513 
Gain anim6, 525 

— Arabic, 526 

— Australian, 526 

— Benjamin, 594 

— Brown Bartaary, 526 

— Cape, 526 

— dragon, 520, 623 

— East India, 526 

— euphorbiuin, 658 

— juniper, 677 

— kino, 523 

— Kordofan, 526 

— kuteera, 459 

— Mogador, 526 

— Morocco, 526 

— picked Turkey, 526 

— Senegal, 519, 526 

— Suakin, 526 

— Talca, 626 

— Talha, 526 

— tragacanth, 520 

— trees, 560 

— white Sennaar, 526 

— wattle, 526 
Gunnera, 564 
Gunny, 463 
Gunjah, 650 
Gurjun balsam, 464 
Guru nuts, 459 
Gustavia, 553 
Gutta perclia, 593 
Guttiferse, 467 
Gymnema, 601 
Gymnospermia, 675 
— , analysis of, 680 
Gynandropsis, 445 
Gynerium, 721 
Gynocardia, 447 
Gypsophila, 453 
Gyropliora, 741 
Gyrostemon, 636 
Gyrostemoneae, 636 


Habzelia. 429 
Hsenifuitbus, 090 
Hsematoxylon, 525 
Htemodoracese, 690 
Hsemodorum, 691 
Halidrys, 746 
Haloragacese, 565 
Haloscias, 561 
Hamamelidacege, 557 
Hamamelis, 558 
Hancomia, 596 
Hard's food, 723 
Hare-bell, 584 
Haricots, 519 
llasotaish, 651 
Havanna tobacco, 609 
Hay saffron, 582, 688 
Hazel. 666 
Heart’s-ease, 449 
Heath order, 587 
Hedeoma, 619 


Hedera, 564 
Hedge hyssop, 626 
Hedycarpus, 474 
Heisteria, 489 
Helianthus, 582 • 

Heliotropium, 617 
Helleboreee, 424 
Hellebores, 425, 700 
Helleborus, 425 
Helminthocorton, 746 
Helosciadium, 561 
Hehvingia, 664 
Helwingiaceae, 664 
Heinidesmus, 691 
Hemlock, 562 

— dropwort, 562 

— spruce, 676 
Hemp, 650 

— seed, 650 
Henbane, 608 
Henna, 535 

H cnsloviacem, 537 
Hcnslovia order, 537 
Hen-ware, 746 
He-oak, 668 
Hepatic aloes, 697 
Hepatieacea?. 733 
Hermodactyls, 700 
Heuchera, 536 
Hevea, 668 
Hibiscese, 455 
Hibiscus, 457 
Hickory, 666 

— nuts, 665 

Himalayan rhubarb, 632 
Hippocastanesp, 473 
Hippocratea, 479 
Hippocrateaceee, 479 
Hippomane, 658 
nippophae, 641 
Hog-gum, 514 

— nut, 665 

— plums. 514 
Holarrhena, 596 
Holcus, 721 
Holigarna, 51 3 
Holly, 591 
Hollyhock, 456 
Hoinaliaceee, 646 
Homalium, 546 
Homeria, 688 
Honduras cedar, 482 

— sarsaparilla, 694 
Honesty, 444 
Honeysuckles, 570 
Honey water, 690 
Honey-ware, 746 
Honig-thee, 521 
Hop, 661 

Hopea, 464 
Hordeum, 721 
Horehound, 619 
Hormosipbon, 744, 746 
Hornbeam, 666 
Homwort, 655 
Horsechestnut, 473 
Horse cassia, 625 

— mint, 619 

— radish, 443 
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Horse sugar, 594 
Horsetail, 728 
Hottentot's fig, 540 
Houseleek, 537 
Hovenia, 511 
Huile de Cade, 677 
Hulled barley, 721 
Humiriaeese, 490 
Humirium, 490 
Humulus, 651 
Hundred- leaved rose, 532 

— years plant, 690 
Hungarian balsam, 678 

— red pepper, 607 
Huon pine, 679 
Hya-hya, 596 
Hybridisation, 392 
Hybrids, 392 
Hydnocarpus, 447 
Hydnora, 672 
Hydrangea, 537 
Hydrangeacea), 536 
Hydrastis, 425 
Hydrocharidacese, 714 
Hydrocharis, 711 
Hydrocotyle, 562 
Hydropeltis, 433 
Hydrophylluetw, 615 
Hydrophyllum, 615 
Hymeiiffia, 526 
Hyoscyanius, 608 
Hyjterieacea^, 4G9 
Hypericum, 470 
Hypha'iie, 707 
Hypoxidacoee, 690 
Hypoxia, 690 
Hyssop, 445 
Hysterophyta, 416 


Iberis, 444 
Icacimi, 489 
Icacinacere, 489 
Ice plant, 540 
Iceland moss, 740 
Icica, 517 
Icicariba, 617 
Ilang-ilang, 428 
Ilex, 691 
Illecebraceas, 539 
Illicium, 427 
Imbricaria, 693 
Imperial lemon, 4 85 
Incense, 516 

iDdia rubber, 595, 652, 653, 
654, 657 

Indian aconite, 424 

— aloes, 697 

— bael, 485 

— barberry, 433 

— bdellium, 516 

— bread, 739 

— clove bark, 643 

— corn, 723 

— cotton, 456 

— cres3, 603 

— dammar, 677 


Indian fennel, 661 

— fig, 547 

— grass, 502 
oils, 720 

— liemp, 650 

— lemon grass, 720 

— liquorice, 519 

— matting, 71 7 

— molissa oil, 720 

— millet, 722 

— muslin, 686 

— oak, 621 

— physic, 532 

— rhubarb, 632 

— rubber, 695, 596 

— sarsaparilla, 601 

— satin wood, 482 

— shot, 685 

— sum bul root, 663 

— teak, 621 

— tobacco, 586 

— turnip, 71 1 
Indigenous Salop, 682 
Indigo, 522 
Indigofera, 522 
Inocarpus, 610 
Insect powder, 583 

, Dalmatian, 583 

, Persian, 683 

Inula, 683 
Ionidimn, 449 
Ipadu. 481 
Ipecacuanha, 572 
—.American, 532 

— , amylaceous, 574 
— , annulated, 572 
► — , bastard, 601 
— , black, 674 
— , striated, 574 
— , undulated, 574 
— , white. 574 
- — , woody, 449 
Ipomoea, 603 
Iriartea, 706 
Iridaccse, 686 
Iridaea, 744, 747 
Iris, 688 
Irish moss, 746 
Iron bark-tree, 550 

— wood, 590, 666 
Jrvingiu, 495 
Isatis, 443 
Isonandra, 593 
Ispagliul, 615 
Issue peas, 485 
Italian juice, 521 

— millet, 723 

— paste, 723 

— sarsaparilla, 694 

— senna, 524 
Iva, 581 

Ivory wheat, 721 
Ivy, 564 
Ixtle fibre, 692 


Jaar, 721 
Jaborandi, 492 


Jabuticaba, 551 
Jacaranda, 624 
Jack-fruit, 653 
Jaggery, 705, 706 
Jalap, 603 
— , Tampico, 603 

— wood, 603 
Jamaica cedar, 482 

— kino, 632 

— nutmegs, 429 

— pepper, 551 

— quassia, 495 

— sarsaparilla, 694 

— senna, 524 
•Jamalgata pills, 667 
James’s tea, 589 
Janipha, 659 
Japan camphor, 642 

— lacquer, 614 

— sago, 680 

.Japanese belladonna root, 
609 

— moxas, 681 

— pepper, 493 

— wax, 514 
Japonicas, 612 
Jasminacea 1 , 610 
Jasmine, 610 
Jastn inum, 611 
Jateorhizu, 431 
Jatropliu, 65H 

— inaniliot, 669 

— oil, 659 

Java almonds, 516 

— cardamoms, 684 

— galangal root, 684 

— rubber, 652 
Jeea wood, 482 
JeflPersoma, 433 
Jelly plant, 746 
Jerusalem artichoke 

582 

Jesuit’s bark, 572 
• lints, 555 
Jetee fibres, 601 
Jiw’s ear, 739 
- mallow, 463 
Job’s tears, 721 
Jointed fir, 679 
Jolliffla, 546 
Jubbulpore hemp, 521 
Juglandaeea 1 , 664 
Juglans, 605 
Jujube, 612 
Juneaoere, 702 
Junciigiuaceaj, 708 
Junei, 702 
Juncus, 720 
Jungerruanniacecp, 734 
Jungcrmannleft!, 734 
Juniper, 677 

— gum, 677 

— resin, 677 
Jumperus, 677 
Jussifea, 555 
Jute, 463 

— hemp, 463 

— plant, 463 
Juvia nuts, 552 
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Kadi -KANE, 722 
Kaf Maryan, 442 
Kakaterro, 679 
Kaki, 590 

Kaladana seeds, 603 
Kala til, 582 
Kalmia, 589 
Kamala, 660 
Kangaroo apples, 607 

— grass, 720 
Karcom, 688 
Kariyat, 624 
Kashola, 722 
Kat, 509 
Kataf, 516 
Katchung oil, 520 
Kawrie gum, 677 

— pine, 677 
Keg- fig, 590 
Kekui, 657 
Kekune, 657 
Kelon-Ke-Tel, 677 
Kelp, 746 
Kermes oak, 667 
Kessaree flowers, 520 
Khat, 509 
Khus-khus, 720 
Kiddah, 643 
Kidney-beans, 519 
Kielmeyera, 466 
Kikayon, 659 
Kinman, 643 
Kinnemon, 643 
Kmo, 523 

Ki-tsai, 746 
Knotwort, 539 
Kodro 722 
Kohl-rabi, 442 
Kokoona, 479 
Kokra, 660 
Kokum-butter, 469 
Kola-nuts, 459 
Koochla tree, 397 
Koosum oil, 582 
Korarima cardamoms, 684 
Kousso, 500, 532 
Krameria, 477 
Krameriacero, 477 
Krania, 667 
Kukui oil, 657 
Kumquat, 485, 486 
Kundah oil, 483 
Kuteera, 447, 459 


Labiate, 617 
Labiate order, 61 7 
Labiatiflorae, 579, 580, 583 
Labrador tea, 589 
Laburnum, 618 519 
Lace- bark, 640 
Lachnanthes, 691 
Lacis, 639 
Lacistema, 647 
Lacistemaceae, 647 
Lactuca, 584 
Lactucarium, 584 
Ladanum, 446 


I Ladies’ mantle, 533 
| Lagbi, 707 
Lagenaria, 546 
Lagerstromia, 636 
Lagetta, 640 
Lalo, 458 

Lamb’s lettuce, 575 
Laminaria, 744, 747 
Lana dye, 573 

— tree, 573 
Lance-wood, 429 
Landolphia, 596 
Langsat, 483 
Langsdorffla, 671 
Lanseh, 483 
Lansium, 483 
Lantana, 621 
Lapageria, 695 
Laportea, 650 
Larch, 676 

— agaric, 739 

— manna, 677 

— turpentine, 677 
Lardizabalaecae, 429 
Larix, 676, 677 
Larkspur, 426 
Larrca, 497 
Lastrea, 728 
Latakia tobacco, 609 
Lathyrus, 519 
Lattice-leaf plant, 708 
Lauracero. 642 
Laurel, 642 

— berries, 643 

— camphor, 643 

— fat, 643 

leaved canella, 488 

— leaves, 643 
Laurelia, 645 
Laurencia, 747 
Lauras, 643 
Laurastinus, 570 
Lavandula, 619 
Lavender, 619 
Laver, 747 
Lawson ia, 535 

Lean Vera Cruz sarsa- 
parilla, 694 
Lebonah, 516 
Lecanora, 741 
Lecythidacere, 552 
Lecythis, 552 
Ledum, 589 
Leek, 697 
Leguminosae, 517 
Leguminous order, 517 
Lemnace®, 712 
Lemon, 485, 486 
grass oil, 720 

— plant, 621 

— thyme, 619 
Lcntibulariaceae, 626 
Lentils, 519, 522 
Leontodon, 584 
Leopard’s bane, 581 

— wood, 664 
Leopoldinia, 707 
Lepidium, 443 
Lepidostachys, 060 


Lepiota, 738 
Leptandra, 626 
Leptospermoae, 549 
Leptospermum, 551 
Lepurandra, 653 
Leroy vegetal, 646 
Letter wood, 654 
Lettuce, 584 

— opium, 584 
Leucopogon, 590 
Levant madder, 574 

— wormBeed, 581 
Leven bark, 537 
Lever wood, 666 
Levisticum, 561 
Lewisia, 540 
Liatris, 583 
Liberian coffee, 573 
Libi dibi, 524 
Lice seeds, 699 
Lichenes, 740 
Lichens, 740 
Light galangal, 684 

— jalap, 603 
Lign-aloe wood, 640 

— Mexican, 517 
Lignum colubrinum, 598 

— nephriticum, 528 

— vitro, 497 
Liguli florae, 580, 583 
Lilac, 610 
Liliaccro, 695 
Lilium, 697 

Lily, 695 
Lima wood, 524 
Lime fruit, 485, 486 

— tree, 461 

order, 461 

Limnanthacere, 503 
Limnanthes, 503 
Linacero, 497 
Linden order, 461 

— tree, 461 
Ling, 665 

Linnrean system, 401 
Linseed, 498 

— meal, 498 
Lint, 498 
Linum, 498 
Lippia, 621 
Liquidambar, 669 
Liquidambaracero, 669 
Liquid camphor, 464 

— myrrh, 616 

— storax, 594, 669 
Liquorice, 621 

— juice, 521 
Liriodendron, 427 
Lisbon sarsaparilla, 694 
Lissanthe, 590 
Litchi, 474 

Litmus, 741 
Little cord, 727 
Live oak, 666 
Liverworts, 734 
Loasaceae, 546 
Lobelia, 586 
Lobeliacero, 685 
Locust-wood, 623, 523 
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Locust-trdI, 523, 525 
Loganiaceee, 596 
Logwood, 525 
Lo-kao, 612 
Lolium, 719 
Lomentaceee, 441 
Longan, 474 
Long-oared barley, 721 
leaved pine, 678 

— nutmegs, 646 

— pepper, 638 
Lonioera, 570 
Loofahs, 546 
Loosestrife, 634 

— purple, 535 
Lopez root, 493 
Lophiraoeee, 464 
Lophopliytum, 671 
Loquat, 633 
Loranthacete, 663 
Loranthus, 663 
Lords and ladies, 711 
Lotophagi, 512 
Lotur bark, 594 
Lotus, 435, 512 

— tree, 480, 512 
Lovage, 661 
Love-apples, 607 
Love-lies-bleeding, 633 
Luban, 516 

— Mai toe, 516 

— tree, 516 
Lucerne, 519 
Lucuma, 693 
Luffa, 546 
Luliea, 463 
Lunaria, 444 
Lung-wort, 741 
Lychnis, 453 
Lus-a-ohrasis, 567 
Lycoperdon, 739 

— nuts, 738 
Lycoperslcon, 607 
Lvcopodiacea?, 730 
Lycopodium, 731 
Lygeum, 721 
Lypevia, 626 
Lythraceee, 634 
Lythrum, 535 


Macassar oil, 428 
Maccaroni, 723 
Mace, 645, 646 
Machaerium, 622 
M&olie, 575 
Maclura, 652 
Maconie, 651 
Maoroohloa, 723 
Macropiper, 638 
Madagascar poison nut, 
596 

Mad apples, 667 
Madder, 674 
Madia, 583 
Magnolia, 427 
Magnoliaceae, 426 
Magnolieae, 427 
Maguey, 690 


Mahogany, 482 
Maidenhair, 727 
Maize, 723 
Maiaena, 723 
Majoon, 651 
Majorana, 619, 620 
Makiah, 651 
Mako-mako, 468 
Malabar cardamons, 684 

— kino, 523 
Malacca canes, 706 
Malachra, 457 
Malambo bark, 657 
Male fern, 728 

— jalap, 603 
Malesherbiaeece, 641 
Mallotus, 660 
Mallow, 457 

— order, 464 
Malpiglda, 480 
Malpighiacete, 479 
Malt, 721 

Malta orange, 485 
Malva, 457 
Malvacese, 454 
Malveee, 464 
Mammea, 469 
Mammee apple, 469 
Manchineel, 658 
Manoona bark, 627 
Mandarin orange, 486 
Mandragora, 609 
Mandrake, 515, 609 
Mangalea, 596 
Mangava, 596 
Mangiferu, 513 
Mango, 513 

— wild, 468, 495 
Mangold wnrzel, 634 
Mangostcen, 469 

— order, 467 

— concrete oil of, 469 
Mangrove, 556 
Manihot, 659 
Manilla bast, 707 

— elemi, 516 

— hemp, 686 
Manna, 610 

— croup, 723 

Manna de Brian^on, 677 

— of the Hebrews, 711 

Mount Sinai, 451 

Many-eared wheat, 723 
Maple, 478 

— sugar, 478 
Mapouchari, 651 
Maranham rubber, 658 
Maranta, 685 

— starch, 686 
Marantaceee, 685 
Marasmius, 736 
Marattia, 727 
Marattiaceae, 726 
Marcgravia, 471 
Marcgraviaceaa, 471 
Marchantia, 734 
Marchantiaoeas, 734 
Marchantiese, 734 
Mare’s-tail, 555 


Margosa tree, 483 
Marigold, 682 
Marjoram, 620 
Marking nut, 514 
Marmalade, 551 
Marmalade fruit, 592 
Marrubium, 619 
Marsdeniu, 601 
Marsh-mallow, 455 

— trefoil, 699 

— rosemary, 614, 

Marsilea, 730 
Marsh eaeem, 729 
Martin’s cancer powder. 

626 

Marvel of Peru, 633 
Mary’s flower, 4 12 
Mashuranduba, 663 
Mastieh. 513 
Mate, 591 
Matias bark, 657 
Mutthiola, 441 
Matieo, 682, 637 
Matricaria, 683 
Matura worm medicine. 

481 

Mauritia, 707 
Mauritius ebon}, 590 

- rubber, 596 
Maw seeds, 438 
Mayaea, 70 1 
Mayaeett', 701 
May apple, 433 
Mayweed, 581 
Meadow saffron, 700 

- sweet, 533 

Mealy Guelder rose, 570 
-- root, 686 
Mecca galls, 667 
Meehameek, 603 
Medieago, 619 
Medick, 519 
Medlar, 533 
Melaleuca, 551 
Melanorrhcea, 513 
Melanospormea*, 713 
Mdanosporeit), 743 
Melanthaceeo, 698 
Melastonia, 554 
Melastomaoete, 553 
Melia, 483 
Meliacete, 488 
Melianthus, 497 
Meliern, 719 
Melicocca, 474 
Mclilot, 519 
Melilotus, 522 
Meiiosmem, 473 
Melissa, 619 
Melloca, 635 
Melocactus, 547 
Melon, 545 
— cactus, 547 
Melosia, 745 
Memecylon, 654 
Menispermaccae, 430 
Menispermum, 431 
Mentha, 619 
Mentzelia, 64 6 



862 


INDEX TO SYSTEMATIC BOTANY, 


Menya, 722 
Menyanthese, 599 
Menyanthes, 599 
Mertensia, 616 
Merulins, 739 
Meaembryacea’, 539 
Mesembryanthemum, 540 
Mesembryere 540 
Mespilodaphne, 643 
Mespilus, 533 
Mesua, 469 
Metrosideros, 651 
Metroxylon, 707 
Meum, 562 
Mew, 562 
Mexical, 690 
Mexican copal, 526 

— elemi, 615 

— grass, 692 

— gum, 693 

— lign-aloe wood, 51 7 

— sarsaparilla, 694 

— tea, 635 

— thistle, 437 
Mezercon, 640 

— bark, 640 
Michelia, 428 
Micromeria, 619 
Mignonette, 445 

— order, 445 
Mikania, 583 
Mildew, 740 
Milkweed, 600, 658 
Milkwort order, 475 
Millet, 722 

— beer, 721 
Milnea, 483 
Mimosa, 526 
Mimoseee, 518, 526 
Mimusops, 693 
Mints, 619 
Mirabilis, 633 
Mishmee bitter, 425 
Mistletoe, 663 
Mitchamitcho, 500 
Mocha senna, 524 
Mock orange, 649 

— plane, 479 
Mogadore colocynth, 545 
Moghi, 739 

Mokul, 516 
Molasses, 722 
Molinia, 722 
Molucca berries, 463 
Molluginoee, 453 
Momordica, 545 
Monarda, 619 
Monesia bark, 592 
Monimia, 646 
Monimiaceee, 645 
Monkey apple, 468 

— bread, 458 

— grass, 707 

— pot, 552 
Monkshood, 424 
Monk’s rhubarb, 633 
Monnina, 476 
Monochlamyde®, 631 
— , analysis of, 672 


MonocotyledoneR, 680 
— , analysis of, 723 
Monodora, 429 
Monotropacese, 589 
Monrovian coffee, 573 
Montpellier scaiumony, 
601 

Moodooga oil, 521 
Moonseed, 431 

— order, 430 
Mor, 515 
Mora, 626 

— wood, 526 
Moraceffi, 651 
Mortea, 688 
Moroliella, 736, 739 
Morel, 736, 739 
Moreton Pay canes, 708 

chestnuts, 521 

Morinda, 673 
Moringa, 628 
Moringaceae, 527 
Morns, 652 

Mosquit bean, 527 
Moss, 732 
Mote grease, 483 
Mother cloves, 650 
Mould, 738, 739 
Mount Sinai manna, 451 
Mountain arnica, 581 

— ash, 533 

— damson, 496 

— hemp, 608 

— laurel, 589 

— mango, 468 
-pine, 678 

— spinach, 634 
— - tea, 589 

— tobacco, 581 
Moutan, 426 
Moxas, 581, 582 
Mucor, 739 
Mucuna, 622 
Mudar bark, 601 

— fibres, 601 
Mugho, 678 
Mulberry, 652 

— paper, 652 
Mulleins, 626 
Munjeet, 574 
Munjista, 574 
Mur, 515 
Muriti palm, 707 
Murraya, 486 
Murwa, 721 
Musa. 686 
Mnsaceee, 686 
Muscadine, 488 
Muscatels, 487 
Musci, 732 
Mushroom, 735 

— edible, 735 

— poisonous, 736 
Mustard, 443 

— troe, 611 
Musk root, 562 
Mutisiece, 580 
Mylitta, 739 
Myopora, 621 


Myoporaco®, 621 
Myrcia, 551 
Myrica, 667 
Myricacese, 667 
Myristica. 645 
Myristicaceee, 645 
Myrobalans,»556 
Myrospermum, 522 
Myroxylon, 522 
Myrrh, 516 
Myrrlia, 515 
Myrsinaccse, 611 
Myrsine, 611 
Myrtaceae, 649 
Myrtese, 549 
Myrtle, 551 
- wax, 668 
Myrtus, 661 


N A.O-KASSAU, 469 
Naiadaoeee, 713 
Nai-walu, 712 

— - yalu, 712 
Nankin cotton, 456 
Narcissus, 690 
Nardoo plant, 730 
Nardostaehys, 575 
Nard, 575 
Nardos, 575 
Nardus, 575 
Narthecium, 702 
Narthex, 663 
Nassavieec, 580 
Nastoika, 684 
Nasturtium, 443 
Natal aloes, 697 
Natchnee, 721 
Native bread, 739 

— carrots, 502 

— currants, 573, 590 
Natural syst-ems, 412 
Neb* neb. 526 
Nectandra, 644 
Nectarine, 531 
Necm-troo, 483 
Ncilghorry nettle, 650 
Nelumbiacese, 435 
Nelumbium, 435 
Nepal sassalras, 643 
Nepenthace®, 661 
Nepenthes, 661 
Nepeta, 619 
Nephelium, 474 
Nephrodium, 728 
Nettle, 649 

— tea, 650 

— tree, 648 
Neva, 705 

New Granada rhatany, 
477 

— Jersey tea, 611 

— Zealand flax, 697 

spinage, 640 

Ngai oamphor, 582 
Nhandirobeee, 544 
Nib-nib, 626 
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Nicaragua wood, B24 
Nioker-tree, 525 
Nicotiana, 609 
Nigella, 426 
Niger seeds, 582 
Nim-tree, 483 
Nipa, 710 
Nitraria, 480, 512 
Nitrariacp®, 480 
Noble orange, 485 
Nolana, 617 
NolanacesB, 617 
Nomenclature, 896 
Noog, 582 
Nopal plant, 548 
North American locust 
tree, 523 

— China sugar cane, 721 
Norway birch, 669 

— spruce, 676 
Nose-bleed, 581 
Nostoc, 744, 746, 747 
Notonia, 583 
Notorhizeaa, 442 
Noyau, 632, 603 
Nucumentacere, 441 
Nunnari root, 601 
Nut-galls, 667 
Nutmegs, 645 

— , AinericjiH, 429 
— , Brazilian, 643 
— , calabash, 429 
— , Camara, 642 
— , clove, 642 
— , Jamaica, 429 
— , long, 646 
Nuts, 666 
Nux-vomica, 597 
Nyctaginaceee, 633 
Nyctanthes, 611 
Nymphaeacese, 433 
Nyaba, 557 


Oak lungs, 741 
Oaks, 665 
Oat, 720 
Oatmeal, 720 
Ochna, 493 
Ocbnaceae, 493 
Ochro, 435 
Ocbroma, 459 
Ocotea, 644 
Ocymum, 619 
Odina, 513 
CEnanthe, 561, 562 
CEnothera, 565 
Official camphor, 643 

— nutmegs, 646 

— tar, 678 
Ogecheelime, 567 
Oidium, 739 

Oil cake, 442, 498 

— of almonds, 531 

bergamot, 486 

ben, 528 

camphor, 643 


Oil of cassia, 643 I 

chamomile, 581 

— — citronelle, 720 
cloves, 488 

geranium, 533, 720 

ginger grass, 720 

horsechestnut, 473 

juniper, 677 

mace, 646 

neroli, 485 

nutmegs, 646 

orange leaf, 485 

partridge beiry, 588 

rhodium, 603 

rose-leaved geranium, 

502 

sassafras, 644 

spike, 619 

thvnie, 620 

turpentine, 678 

verl ena, 720 

wild castor seeds, 

659 

winter gree»n, 688 

Okra, 457 
Olacacece, 489 
Oln\, 489 
j Oldenlandia, 574 
Oldfieldni, 659 
Old man’s board, 692 
Olea, 610 

— vermelho, 622 
Oleaceee, 609 
Oleaster, 640 

< ileum nigrum, 509 

— ongani, 620 

— unonae, 428 
Olibanum, 516 
Olive, 609, 610 

— bark, 610 

— gum, 610 

— leaves, 610 

— oil, 610 

— wood, 610 
Olivile, 610 
Ombrophytura, 671 
Omphalea, 659 
Omphalobium, 515 
Oinum, 561 
Onagraceas, 554 
Oncoba, 447 
Onions, C97 
Onobrychis, 519 
Opaque bdellium, 516 
Ophelia, 600 
Opliioglossaeeee, 727 
Opluoglossese, 727 
Ophioglo&sum, 728 
Opium, 437 

— poppy, 437 
Opobalsamum, 516 
Opoponax, 563 
Opuntia, 548 
Orange, 485 

— berries, 485 

— flower water, 485 

— order, 483 
Orchella weeds, 741 
Orchid aceaB, 680 


Orchil, 711 
Orchis, 682 
Ordeal bark, 527 
■ — bean, 522 
Ordors, 393, 396 

Oreodaphnc, 641 
Orgeat, 717 
Origanum, 620 
Orinoko tobacco, 609 
Orobanohaoeoe, 026 
Orobus, 522 
OrontiaocfP, 703 
Orontimn, 703 
Orris, 688 
Ortlioplocoro, 442 
Orthospermotti, 560 
Oryza, 722 
Osage orange, 652 
Omumda, 728 
Ostrya, 6G6 
Oswego tin, 619 
Otaheite s ilep, 091 
Otto of rose, 532 

Ouvirauiln, 708 
Ovoid China cardamom, 
684 

Ovahdaoeaj, 499 
OxaliR, 600 
Oxlcyu, 482 
0x3 coccus, 587 
Oyster plant, 581, 616 


P 40HYM A, 739 
Paeony, 426 
Padoe Kidang, 728 
Pale catechu, 574 
c nchona bark, 572 
Palicuroa, 674 
Pdlmacea*, 703 
Palma Christi, 659 

— rosse oil, 502 
Pulmclla, 745 
Palmetto, 706 
Palm oil, 706 

— sugar, 705, 706, 707 
- uax, 706 

— wine, 706, 707 
Palms, 703 
Palmyra fibres, 705 

— palm, 705 

— wood, 705 
Palo de vaca, 663 
Pampas-grass, 721 
Panacea lapsorum, 581 
Panama hats, 710 
Pan ax, 565 

P indanaceee, 709 
Pan d anus, 710 
Pangiacea), 542 
Pangium, 542 
Pamcum, 722 
Punna, 728 
Pansy, 449 
Pao Pereira, 69 6 
Papaver, 437 
Papaveracote, 436 
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Papaw, 542 
Papayacese, 542 
Paper reed, 717 
Papilionacese, 518, 519 
— , nutritious, 519 
— , poisonous, 519 
Pappea, 474 
Paprika, 607 
Papyrus, 717 
Para grass, 707 
— India-rubber, 658 

— nuts, 652 

— piassaba, 707 

— rkatany, 477 

— sarsaparilla, 694 
Paraguay holly, 591 

— tea, 691 
Pareira brava, 431 
Parietaria, 650 
Parinarium, 531 
Paris, 694 
Paritium, 457 
Parkinsonia, 526 
Parmelia, 741 
Parmentiera, 623 
Paronychia, 539 
Paronycliiaceee, 539 
Paropsis, 541 
Parsley, 561 

— piert, 633 

Parsnip chervil, 560, 561 
Partridge berry, 688 
oil of, 588 

— canes, 706 

— wood, 489 
Paspalum, 719, 722 
Passerina, 640 
Passiflora, 541 
Passifloracete, 541 
Passionflower order, 541 
Passions, 632 
Pastinaca, 561 
Patchouly, 620 

— oil of, 620 

rite de guimauve, 456 
Patent barley, 721 
Paullinla, 474 
Pavonia, 457 
Payena, 693 
Payta rhatany, 477 
Pea, 518 
Peach, 531 

— wood, 524 
Pear, 533 
Pearl barley, 721 
Peas, 519 
Peccan-nut, 665 
PedaliaeeeB, 622 
Pedalium, 622 
Peeled colocynth, 645 
Peepia mool, 638 
Peganon, 492 
Peganum, 497 
Pekea, 471 
Pelargonium, 602 
Pellitory, 581, 650 
Peltidea, 741 
Peltigera, 741 
Pemmican, 533 


Peneea, 642 
Penaeaceae, 641 
Penang lawyers, 706 
Penawar jambie, 728 
Pencil cedar, 677 
Penicillaria, 722 
Penicillium, 739 
Pennisetum, 722 
Pennyroyal, 619 
Pentadesma, 469 
Pepper-dulse, 747 
Peppermint, 619 
Peppers, 493, 607, 637 
Pepperwort, 729 
Perennial wormgrass, 

597 

Pernambuco rubber, 596 
Persea, 644 
Persian berries, 511 

— insect powder, 583 

— tobacco, 609 
Persimmon, 591 
Peruvian bark, 57 2 

— heliotrope, 617 

— rhatany, 477 
Peruvian winter-cherry, 

607 

Petiveria, 636 
Petiveriaceae, 636 
Peto, 723 
Petroselinum, 661 
Petty rice, 635 
Poucedanum, 561 
Peumus, 645 
Plialaris, 722 
Phanerogamia, 422 
Pharbitis, 603 
Phascaccto, 733 
Phasceae, 733 
Phaseolus, 619 
Phiiadelphaceae, 548 
Philadelphus, 649 
Philesia, 695 
Philesiaeere, 695 
Philydraceee, 701 
Phlox, 604 
Phoenix, 707 
Phormium, 697 
Phyllanthus, 659 
rhyllocactus, 547 
Phy sails, 607 
Physic nuts, 658 
Physostigma, 519, 522 
Phytelephas, 707 
Pliytocrenaceae, 654 
Phytocrene, 654 
Phytolacca, 636 
Phytolaccaceaj, 635 
Piossaba, 705, 707 
Picotees, 464 
Picraena, 495 
Pierardia, 474 
Pigeon-peas, 519 
Pig-faces, 540 
Pig-nuts, 561, 665 
Pilocarpus, 492 
Pimelea, 640 
Pimento, 561 
Pimpinella, 561 


Pinaceas, 675 
Pindova palm, 705 
Pine -apple, 692 

— fibre, 692 
Pine nuts, 678 

— woods, 676 

— wool, 678 
Pines, 676 
Piney resin, 465 

— tallow, 465 

— tree, 468 
Pinguicula, 627 
Pink-root, 697 
Pink order, 451 
Pinks, 453 
Pinus, 678 
PiperacejE, 637 
Piper aethiopieum, 429 

— aduncutn, 637 

— angustifolium, 582, 
637 

— jaborandi, 492 

— nigrum, 637 
Pipe wort, 714 
Pi-pi, 524 
Pipsissewa, 589 
Piratinera, 654 
Piscidia, 519 
Pistacia, 513 

— nut, 613 
Pistiaceas, 712 
Pisum, 519 
Pita hemp, 690 
Pitch, 678 
Pitcher plant, 661 
Pitto, 723 
Pittosporaceoe, 488 
Pitury, 608 
Plane tree, 654 
Plantaginaceae, 614 
Plantago, 615 
Plantain, 686 
Plant fountains, 654 
Platanaoeee, 654 
Platanus, 654 
Pleurisy- root, 601 
Pleurorhizene, 442 
Plocaria, 746 
Plum, 531 

Plumbaginacese, 613 
Plumbago, 614 
Plume nutmeg, 644 
Plunder ia, 596 
Poa, 722 
Poaya, 572 
Pocan, 636 
Pod pepper, 607 
Podocarpus, 679 
Podophyllum, 433 
Podostemaceee, 639 
Podostemon, 639 
Poel6, 595 
Pogostemon, 620 
Poinciana, 528 
Poir6e & carde, 634 
Poison ash, 514 

— elder, 514 

— nut, 696 

— oak, 514, 582 
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Poisonous leguminosas, 
519 

— mushrooms, 736 

— umbelliferee, 562 

Pois qu6niques, 528 
Poke, 636 
Polanisia, 445 
Polar plant, 583 
Polemoniaceee, 604 
Polenta, 723 
Polish wheat, 723 
Polygala, 476 
Polygalaceae, 475 
Polygamia, 404 
Polygonacea?, 681 
Polygonatum, 698 
Polygonum, 632 
Polypod iaeotv, 726 
Polypodiem, 726 
Polypodium, 728 
Polypody, 726 
Polyporus, 739 
Poma wood, 482 . 

Pomere, 530, 633 
Pomegranate, 551 
Pompelmoose, 485, 486 
Pond weed, 713 
Pongamia, 623 
Pontederacem, 700 
Pontoderia, 700 
Pontefract lozenges, 522 
Pooah fibre, 649 
Poplar, 670 

Poppy order, 436 
Populus, 670 
Porcupine wood, 706 
Pore wort order, 477 
Porphyra, 744, 747 
Portland arrowroot, 71 1 

— sago, 711 
Portugal onion, 697 
Portulaca, 539 
Portulacaceee, 539 
Potato, 607 

Pot barley, 721 
Potentilla, 532 
Pounce, 677 
Prangos, 561 
Prayer-beads, 51 9 
Premna, 621 
Prickly-asli, 493 

— bark, 493 

— pear, 548 
Primrose, 612 
Primula, 613 
Primulaoeae, 612 
Prince’s feathers, 633 
Prinos, 591 
Printzia, 583 
Prosopis, 527 
Protea, 641 
Proteaceee, 641 
Protococcus, 745 
Protophyta, 41 5 
Prunes, 631 
Primus, 631 
Psalliota, 736 
Psidium, 561 
Psoralea, 523 


Psychotria, 574 
Ptelea, 493 
Pteris, 727, 728 
Pterocarpus, 523, 527 
PterosiKjrmum, 460 
Ptychotis, 561 
Puccinia, 740 
Puccoon, 438 
Pucka pat, 620 
Puchurim beans, 644 
Puffballs, 739 
Pulas cordage, 521 
Pulled sugar, 722 
Pulque, 690 
Pulse, 619 
Pulu, 728 
Piilza oil, 659 
Pumpkin, 546 
Punicu, 651 
Punneerin, 607 
Pupli, 512 
Purging flax, 499 
Purguira nuts, 659 
oil, 059 

Purple heart, 526 
— loosestrife, 535 
- wood, 525 
Purslane, 539 
Pyrethrum, 583 
Pyrolaceee, 689 
Pyroxylon, 456 
Pyrus, 533 


Quake pear, 551 
Quamash, 697 
Quandang nut, 662 
Quandhscilote, 623 
Quass, 722 
Quassia, 496 

— wood, 495 
Queen’s delight, 660 

— root, 660 
Quercitron, 667 
Quercus, 666 
Quillaia, 532 

Quilhd copalche bark, 
657 

Quill-wort, 731 
Quince, 533 
Quinine bush, 664 
Quinoa, 634 
Quisqualis, 556 
Quito oranges, 607 


RABBIT root, 564 
Kaccs, 391 
Racine am6re 540 
Radiant, 579 
Radish, 448 
Rafflesia, 672 
Rafflesiaceee, 672 
Raisins, 487 
Rambeh, 474 
Rambutan, 474 
3 TC 


Hampton* 586 
ltam-til, 682 
Rammeulaeeie. 422 
Rnnunculeu', 424 
Ranunculus, 425 
RnjH', 442 
Ruplaums, 443 
Napkin, 707 

— bast, 707 
Raspberry, 533 
Rati. 519 
Ratsbane, 648 
Rattan canes, 706 
Ravenala, 686 
Raven sara nut, 6 12 
Reaiunuria, 470 
Renumuriuceie, 4 70 
Red cedar, 182, 677 

— eiiu luma bulk, 572 

— currant, 5fK 

— elm, 049 

— gourd, 545 
jasmine, 596 

- oak, 666 

— poppy, 438 
quebracho bark, 595 

— resin, 698 

— rhatany, 4 77 

— river snake-root, 662 

— rose leaves, 532 

- sandal wood, 523, 627 

— sanders wood, 623 

— thorn apple, 608 

— whortleberry, 587 
woo< l tree, 482 

Reed, 720 

Reindeer moss, 741 
Reseda, 446 
Resedaeeaj, 416 
Resin of Carana, 61 
Rostiaceaj, 714 
Ilostio, 714 
Retti, 519 
Rhanmucea', 510 
RhamnuH, 511 
Rl.aphidophora, 712 
Rhatany, 477 
llhea fibre, 649 
Rheum, 632 

Rheumatism-root, 433, 693 
Rhizanthctt’ 670 
Rhizobolaeea*, 471 
Rliizogens, 670 

— analysis of, 675 
Rhizophora, 556 
fthizophorncein, 656 
Rhodiola, 538 
Rhodium, oil of, 603 
Rhododendron*, 588 
Rhododendron, 688, 689 
Rhodomenia, 744, 747 
Rhodorrhiza, 603 
Rhodospermoo}, 743 
Rhodosporeae, 743 
Rhubarbs, 632 

Rhus, 513 
Ribes, 548 
Ribwort, 614 
Iticciaccee, 734 
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Ricciete, 734 
Rice, 722 

— paper, 565 
Richardsonia, 574 
Ricinua, 659 
Riga flr, 678 
Rimmon, 551 
Ril>ogonum, 694 
River weed, 639 
Robinia, 523 
Rocambole, 697 
Roccella, 741 
Rock-rose order, 445 
Rohuno-tree, 482 
Rohun bark, 482, 597 
Roman chamomile, 681 
Romero, 620 
Rooman, 661 

Rosa, 532 

Rosaceee, 528 

Rose-col oured algte, 743 

— apples, 651 

— or Jericho, 442 
Roseee, 530, 632 
Rosemary, 620 
Rosewood, 618, 621, 522 

524 

Rosin weeds, 582, 683 
Rosmarinus, 620 
Rottlcra, 660 
Rough horsetail, 729 
- -skinned plum, 531 
Round cardamom, 684 
chilli, 607 

— nutmegs, 646 
Roupellia, 696 
Rowan-tree, 633 
Roxburghia, 696 
Roxburgh iaceaa, 695 
Royal fern, 728 
Iloyena, 591 
Rubber, 595 
Rubber juice, 593 
Rubia, 574 
Rubiaceoe, 570, 571 
Rubus, 633 

Rue. 492 

— order, 490 
Ruellia, 624 
Rumex, 632 
Rhsa-ka-tel, 633, 720 
Rusa oil, 633, 720 
Ruscus, 698 
Rushes, 702 
Rush-nut, 717 
Rusot, 433 
Russian bast, 463 

-- deal, 678 

— rhubarb, 632 
Ruta, 492 
Rutaceae, 490 
Ruteee, 491 
Rye, 722 

— beer, 722 


Sabadilla, 699 
Babbatia. 600 


Babiaceee, 614 
Babicu. 627 
Saccharum, 722 
Sack-tree, 663 
Safflower, 682 
Saffron, 688 
— , bastard, 582 
— crocus, 688 
Sagapenum, 663 
Sage, 619, 620 
Sageretia, 612 
Sago, 705, 706, 707 
Saguerus, 705 
Sagus, 707 
Saintfoin, 519 
S&l 464 
Salad oil, 610 
Salai tree, 616 
Salep, 682 
Salicaceee, 669 
Salicomia, 634 
Salix, 670 
Salmalia, 459 
Salsafy, 584 
Salsola, 634 
Salvadora, 61 1 
Salvadoracea*, 61 1 
Salvador tea, 589 
Salvia, 619, 620 
Samadera, 495 
Sambucus, 570 
Samphire, 661 
Sarny da, 647 
Samydaceee, 64 7 
Sandal wood, 663 
Sandnrach, 677 
Sandarusi-m’ti, 626 
Sanguinaria, 438 
Sanguisorbeae, 530, 533 
Sanseviera, 698 
Santa F6 tea, 594 
Santalaceee, 662 
Santalum, 663 
Santonica, 581 
Sap-green, 511 
Sapindacere, 472 
Sapindeee, 4 73 
Sapindus, 474 
Sapodilla, 692 

— plum, 592 
Saponaria, 453 
Sapota, 593 
Sapotacem, 592 
Sappan root, 524 

— wood, 624 
Sapucaya nuts, 562 
Saracen corn, 632 
Sarcinula, 745 
Sarcoeephalus, 674 
Sarcocolla, 642 
Sarcolasna order, 465 
SargasBum, 744, 747 
Sarothamnus, 523 
Sarracenia, 436 
Sarraceniaceee, i 35 
Sarsaparilla, 694 
Sassafras, 644 

— ■ bark, 527 

— nuts, 644 


Sassafras, oil of, 644 

— pith, 644 
Sassy-tree, 527 
Satin wood, 482 
Satureja, 619, 620 
Saururacece, 638 
Saururus, 639 
Sauvagesia, 449 
Sauvagesiaoeee, 449 
Savanilla rbatany, 477 
Savine, 677 
Savory, 619 
Saxifragaceae, 535 
Saxifrage order, 535 
Scabiosa, 576 
Sceevola, 586 

Scale moss, 734 
Scammony, 603 
Scarlet runners, 619 
Scepa, 660 
Seepacese, 660 
Schinseng, 565 
Sehirofecb, 697 
Schizamlracefe, 429 
Schizocapsa, 691 
Schmidelia, 474 
Schceminthus, 720 
Scbcenocaulon, 699 
Scilla, 698 
Scirpus, 717 
Scleranthaceae, 635 
Seleranthus, 635 
Scopolia, 609 
Scorzonera, 584 
Scotch barley, 721 

— elm, 648 

— flr, 678 
Screw bean, 527 

— pine, 709 
Scrophularia, 626 
Scrophulariacere, 624 
Scurvy-grass, 443 
Scyphophorus, 741 
Scythian lamb, 728 
Sea-buckthorn, 641 
Seafortliia, 708 
Sea-heath order, 450 

— island cotton, 456 
kale, 443 

— -tape, 747 
weed, 742 

wrack, 713, 746 

Seaside grape, 632 
Sebesten, 602 

— - plums, 602 
Secale, 722 
Sechium, 546 
Sedge, 715 
Sedum, 538 
Seed oil, 659 
Selaginaceae, 621 
Solago, 621 
Solinum, 562 
Semecarpus, 514 
Semen contra, 581 

— cynee, 581 

— santonici, 581 
Semina oataputias, 658 

j Semolina, 723 
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Senecloidese, 579 
Senega snake-root, 476 
Sen6 sauvage, 521 
Senna, 519, 521, 524 
Septulatae, 441 
Serpentary root, 662 
Service- berry, 533 

— tree, 53 
Sesame oil, 622 

— soeds, 622 
Sesamum, 622 
Sesuvece, 540 
Setaria, 722 
Sethia, 481 
Seville orange, 485 
Shad-berry, 533 
Shaddock, 485, 486 
Shallot, 697 
Shamoola, 722 
Shamrock, SOU 
Slianghae oil, 442 
8han-mo, 739 
Shea-butter, 592 
She-oak, 668 
Shikimi fruits, 427 
Shiraz tobacco, 609 
Shittah tree, 527 
Shittim wood, 527 
Shola, 519 

— hats, 703 
Sliorca, 464 
Sliumac, 614 
Siam benzoin, 594 

— gamboge, 468 
Shmiuni, 521 
Siberian stone pine, 678 
Sieeee, 544 

Sicilian papyrus, 71 7 
Sida, 457, 458 
Sidese, 455 
Sideroxylon, 593 
Side-saddle, 435 
Sidhee, 650 
Siejos, 671 

Sierra Leone peach, 574 
Silene, 453 
Sileneae, 453 
Silesian beet, 634 
Siliculosee, 441 
Siliquosm, 441 
Silk-cotton, 459 

— order, 458 
Silpliium, 563, 583 
Silver fir, 677 
Simaba, 495 
Simarouba, 495 
Simaruba, 496 
Simarubacege, 494 
Sinapis, 443 
Singhara nut, 555 
Sintoo bark, 643 
Siphonia, 658 
Siraballi, 644 
Sissoo, 521 
Sisarnn, 521 
Sium, 561 

Six-rowed barley, 721 
Sizygium, 552 
Skimi, 427 


Skirret, 561 
Skunk cabbage, 703 
Slender calaguuln, 728 
Slippery eliu, 649 
Sloe, 531 
Slokan, 747 
Sloke, 747 

Small American cassia, 
525 

Smilacete 693 
Smilax, 691 
Smyr nium, 561 
Snake gourd, 546 

— root, 476 

— wood, 598, 65 1 
Snowberry, 570 
Soapwort order, 4 72 
Sobraliu, 683 
Socotrinc aloes, 697 
Soja, 523 

Sola hats, 703 
Solanacete, 604 
Solanete, 606 
Solanum, 604, 607 
Solazzi juice, 622 
Solenostemtna, 601 
Sollya, 488 
Solomon’s seal, 698 
Soluble cocoa, 461 
Sonsonate black balsam, 
522 

Sooja, 523 
Soph ora, 523 
Sorghum, 721 
Sorrel, 632 
Souari nut, 471 

ordor, 471 

Soucliet comestible, 717 
Soulamea, 477 
Sour gourd, 469 
Sour- sop, 428 
South American cotton, 
456 

Sow-bread, 613 
Soy, 523 

Soymida, 482, 597 
Spanish broom, 523 
chestnut, 666 
coloeynth, 545 
— juice, 521 

- moss, 692 

- onion, 697 
Sparattospernm, 621 
Spartium, 523 
Spearmint, 619 
Species, 390 
Spceularia, 585 
Spelt, 723 

Spelta, 723 
Sphceria, 738 
Sphagnaceee, 732 
Sphagneee, 732 
Sphagnum. 733 
Spice pepper, 607 
Spidcrwort, 701 
Spigelia, 597 
Spikenard, 575 
Spinacin, 634 
Spinage, 634 

3 K 2 


Spindle-tree, 509 
Kpirtea, 533 

Spirits of turpentine, 
678 


Spiroloheie, 442 
Split -moss, 733 
S|>ogol seeds, 615 
Spondias, 514 
Sponge gourd, 6 16 
Sport, 392 
Sprat, 721 
Spring barley, 721 
-- wheat, 723 
Spruce beer, 677 

- firs, 676 
Spurge flux, 640 

laurel, 610 

- wort, 655 

Spurious wiu ter’ h bark . 
488 

Spurred r.ve, 722 
Squash, 515 
Squill, 698 

Squirting cucumber, 515 
St. Ignatius' beaus, 597 
St. John’s wort order, 
469 

St. .John's broad, 525 
St. Michael's orange, 485 
St. Salvador black balsam, 
522 


Stachys, 619 
btachytarplia, 621 
Stackiiousia, 509 
Stack housiamu, 509 
Stucte, 516 
Stagmaria, 511 
Staphylea, 510 
Staphyleacea 1 , 509 
Star-anise, 427 
apples, 592 

— wort, 655 
Statice, 614 
Stavesaere, 425 
Stellatm, 571 
Storeuliu, 459 
Sterculiaee c, 458 
Slieklae, 521 
ctieta, 741 
Stilaginacesc, 655 
Stilago, 655 
Stilbaceic, 598 
Stillingia, 660 
Stimulant unibolliforir, 

561 

Stinking goosrfoot, 635 
Stipa, 719, 723 
Stock, 144 
Stoneerop, 537 

- biting, 538 
Stone pine, 678 
Storax, 69 1, ««!> 


k, 669 
onium, 608 
nrg turpentine, 677 
xlium, 653 
berry, 632 
y-bark tree, 55 
m tree, 550 
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Strong-scented lettuce, 
584 

Strychnos, 597 
Stylewort order, 586 
Stylidiaceaa, 586 
Styracaceee, 598 
Styrax, 594 
Sub-class, 394 
— genus, 395 

orders, 394 

tribes, 894 

Subjcc, 650 

Succus hypocistidis, 672 
Sugar berry, 648 

— cane, 722 

— candy, 722 

— maple, 478 
Sultanas, 487 
Sumach., 613 
Sumatra benzoin, 594 

— camphor, 464 
Sumbul, 662 

— root, 562 

•, Indian, 563 

Summer savory, 619, 620 

— wheat, 723 
Sundew, 450 

— order, 449 
Sunflower, 582 

— soap, 682 
Sunn, 467, 621 
Sunnoe hemp, 467, 521 
Surianacese, 636 
Surinam bark, 620 

— medlar, 693 
- quassia, 495 

Suwarrow nuts, 471 
Swamp hellebore, 700 

— pine, 678 

— rice, 723 

— sassafras, 427 

— silk-weed, 601 
Swartzia, 626 
Swedish turnip, 442 
Sweet almond, 631 

— bay, 643 

— birch, 669 

— cassava, 669 

— fennel, 661 

— fern, 667 

— flag, 703 

— gum, 669 

— herbs, 619 

— leaf, 694 

— marjoram, 619, 620 

— oil, 610 

— orange, 486 

— potato, 603 

— sop, 428 

— sorgho, 721 

— verbena, 621 

— violet, 449 
— William, 463 
Sweetwood, 644 
Swietenia, 482 
Swine tang, 746 
Swiss chard beet, 634 
Sycamine, 662 
Sycamore, 479 


Sycamore figs, 662 1 

Syoomorus, 662 j 

Symbols, 397 . j 

Symphoricarpus, 670 ! 

Symphytum, 616 
I Symplocoeeee, 593 
Symplocarpus, 703 
Symplocos, 594 
Syrian papyrus, 717 
Syringa, 549, 610 
Syrup of capillaire, 727 
System of Bentliam and 
Hooker, 418 

De Candolle, 413 

Endlicher, 415 

Jussieu, 412 

Lindley, 416 

Linnaeus, 401 

Ray, 412 

tills Manual, 419 

Systems, artificial, 401 

— natural, 410, 412 

— of classification, 399 


Taag, 521 
Taban-tree, 593 
Tabasheer, 721 
Tabernaemontana, 596 
Tacamaliac, 616 
Tacca, 691 

— starch, 691 
Taccacem, 691 
Tacsonia, 641 
Tafrifa, 61 4 

Tahiti arrowroot, 691 
Tail-pepper, 637 
Talipot palm, 706 
Tallicoonah, 483 
Tallow-troc, 469, 660 
Tamaricaeeac, 461 
Tamarind, 626 

— plum, 525 
Tamarindus, 626 
Tamarisk order, 451 
Tamarix, 451 
Tampico jalap, 603 
Tampui, 474 
Tamus, 693 
Tanacetum, 583 
Tangerine orange, 485 
Tanghinia, 59G 
Tangle, 747 
Tanshwui, 747 
Tansy, 583 
Tapioca, 659 
Tappuach, 486 

Tara, 712 
Taraxacum, 584 
Tares, 519 
Tarragon, 681 
Tasconia, 641 
Tasoiannia, 428 
Tasmanian cranberry, 590 
Taxacese, 678 
Taxus, 679 
Tayuru, 546 


Tea, 466 

— of heaven, 687 

— order, 465 

— plant, 651 
Teak-tree, 621 
Teazel, 676 
Tecoma, 624 
Tectona, 621 
Teenah, 662 
Teel oil, 622 
Teff, 722 
Telfairia, 546 
Tephrosia, 523 
Terebintliina, 678 
Terminalia, 566 
Ternstrcemiacece, 465 
Terra japonica, 574 
Testudinaria, 693 
Tetilla, 539 
Tetragonece, 640 
Tetragonia, 540 
Tetragoniaceee, 640 
Tctrapanax, 565 
Texas sarsaparilla. 431 

— snake root, 662 
ThaJamiflorae, 422 

— analysis of, 504 
Thallogenae, 735 
Thallophyta, 735 
Thapsia, 663 
Th6 Arabe, 639 

— de FEurope, 626 

— sanguinaire, 639 
Thoa, 466 
Theobroma, 460 
Thoophrosta, 612 
Thosium, 662 
Thovotia, 596 
Thistles, 497, 682 
Thorn-apple, 608 
Thorough wort, 682 
Thrift, 613 

Thus, 678 
Thyme, 619 

— oil of, 620 
Thymelacere, 639 
Thymus, 620 
Ticorea, 492 

Til, 644 
Tilia, 463 
Tiliaceae, 461 
Tilieae, 462 
Tillandsia, 692 
Tinnivolly senna, 524 
Tinospora, 431 
Ti-plant, 697 
Tisso flowers, 520 
Tobacco, 609 

— root, 640 
Tocusso, 721 
Toddalia, 493 
Toddy, 706, 706, 707 
Tomatoes, 607 
Tonga, 621, 712 
Tongoose fibres, 601 
Tonic umbelliferee, 661 
Tonka beans, 521 
Tonquin beans, 521 
Tonthlea, 479 
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TooMe tea, 619 
Toon wood, 482 
Toothache-tree, 664 
- shrub, 493 
Toothwort, 614 
Topana, 661 
Tormentilla, 632 
Tortoise plant, 693 

— wood, 673 
Toumesol, 741 
Tous lea moia, 685 
Tow, 498 
Towel gourd, 546 
Toxiearium, 690 
Trachylobium, 62G 
Tragacanth, 61 9 
Tragopogon, 584 
Trailing arbutus, 688 
Trapa, 565 
Traveller’s tree, 686 
Treacle, 722 
Trebizond honey, 588 
Tree board, 61)2 

— copal, 526 

— cotton, 466 

— lung-wort, 741 

— of long life, 551 

— preony, 426 
Trefoil, 519 
Tremandracea\ 477 
Trianosperma, 546 
Tribes, 394 
Tribulus, 497 
Trichilia, 483 
Trichodesmium, 745 
Trichosanthes, 646 
Trichostemma, 620 
Trifoliuni, 519 
Trigonella, 623 
Trilliacem, 694 
Trillium, 695 
Trios beum, 670 
Tripe de roclie, 741 
Triptolomma, 524 
Triticum, 723 
Triumfetta, 46 3 
Triuridaceae, 714 
Triuris, 714 
Troptoolacete, 502 
Tropeeolum, 503 
True chamomile, 583 

— maidenhair, 727 

— nutmegs, 646 

— oil of spike, 619 
Truffles, 73G, 740 
Trumpet flower, 623 
Tsz-Tsai, 747 
Tuber, 736, 740 
Tubuli florae, 579, 580 
Tuckalioe, 739 
Tulip-tree, 427 
Tulp, 688 

Tunga wood, 482 
Tupa, 586 
Turios, 697 
Turkey box, 657 

— colocynth, 545 

— oak, 666 

— root, 574 


Turkish millet, 721 

— oil of geranium, 720 

— tobacco, 609 
Turmeric, 684 

— tincture of, 684 
Turnera, 542 

— order, 541 
Turneracem, 541 
Turnip, 442 
Turnsole, 658 
Turpentine, G78 
Turpoth, 603 
Tussac-grass, 721 
Tussilago, 583 
Two-rowed barley, 721 
Tylopbora, 601 
Typha, 710 
Typhaceae, 710 


Udikai, 495 
UUucus, 635 
Ulmaeese, 648 
Ulmoae, 648 
Ulmus, 648 
Ulvn, 744, 747 
Umbel 1 if erae, 558 
Umbelliferous order. 55 -i 
Umbilicarift, 741 
Umiri balsam. 490 
U noaria, 574 
Un coated ginger, 686 
Uneomocomo, 728 
U n on a, 428 

Unpeoled colocynth, 515 
Upns, 653 
1 pas tieute, 597 
IJmn, 59.8 
Ureeola, 596 
Urginea, 698 
Urnmoss, 733 
Urtica, 650 
ITrticacete, 649 
Urucuri nuts, 705 
Utricularia, 627 
Uvaria, 429 
Uva ursi, 588 
Uvularia, 700 


Vaccai?i\, 453 
Vacciniacese, 587 
Vaceimum, 587 
Yahea, 596 
Valerian, 575 
Valeriana, 575 
Valerianacoie, 575 
Valerian order, 575 
Valerianella, 575 
Vallea, 463 
Valonia, 667 
Vanilla, 683 
Varieties, 391 
— , permanent, 391 


Variolaria, 740, 742 
Varronia, 602 
Vatorla, 465 
Vatica, 465, 516 

V egetable Ethiops, 746 

— butter of Oanarn, 466 

— ivory, 707 

— marrow, 545 
silk, 469 
sulphur, 731 

Velvet tamarinds, 525 
Ventilngo, 512 
Venice turpentine, G77 

V onus’s fly-trap, 450 
Vera Cruz clomi, 615 
Vcrutnmi, 700 
Verbaseum, G26 
Vorlieim, 621 
Verbenaoea\ 620 
Vermicelli, 723 
Vernonia, 583 

V on lonie.e, 579 
Veronica, 626 
Vert de vissie, 511 
Vervain, 620 
Vesca, 666 
Vetches, 519 
Vetiver, 720 
Viburnum, 570 
Vicia, 519 
Victoria, 435 

— water-lily, 435 
Victor's laurel, 643 
Vine, 486 

fungus, 739 

V inegar- plant, 739 
Viola, 1 19 
Violaecu', 447 

V iolejv, 118 
Viol< t, 449 

order, 447 
rhatany, 477 
Virginica, 666 
Virginian e rev per, 487 
date plum, 691 
red cedar, 677 

— snake root, *562 
\ iscacea), 663 
Viscum, 663 
Vismia, 47(» 

Vitaeea 1 , 486 
Vitex, 621 

Vitis, 487 
Vittie-vayr, 720 
Viviania order, 464 
Viviuniaeea*, 464 
Vonndzea, 524 
Voeliysia, 510 
Vochysiacere, 610 
Volatile oil of sweet bay, 
613 

Volvocinea 1 , 743 


Waoenboom, 641 
Wai-fa, 523 
Wake-Robin, 711 
Wakoo, 609 
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Wallflower, 444 
Wall pellitory, 650 
Walnut, 665 
Waltheiia, 460 
Wampee-fruit, 486 
Wanzey, 602 
Warns. 660 
Warree, 722 
Water bean, 485 

— chestnut, 655 

— cress, 443 

— dropwort, 662 

— hemlock, 662 

— lily, 433 

— maize, 436 

— melon, 515 

— pepper order, 451 

— popper, 632 

— pitcher, 435 

— shield, 433 

— tree, C86 

— vines, 654 

— - wort, 701 

— yam, 708 
Wax beny, 667 

— lemon, 485 

— myrtle, 667 
Wayfaring-tree, 570 
Weandee, 468 
Weld, 445 

West Indian arrowroot, 
685 

— - — cabbage palm, 705 

corkwood, 428 

locust tree, 625 

Wheat, 728 

White agaric, 739 

— balsam, 522 

— beet, 634 

— bryony, 545 

— currant, 548 

— dammar, 466 

— galls, 667 

— ginger, 685 

— gourd, 545 

— hellebore, 700 

— mangrove, 621 

— mulberry, 662 

— mustard, 443 

— oak, G66 

— paroira brava, 431 

— payta bark, 595 

— pepper, 637 

— pine, 678 

— quebracho bark, 595 

— spruce, 676 

— walnut, 665 

— wax, 610 


Whortleberry, 587 
Wig- tree, 512 
Wild apricot, 469 

— black cherry, 531 

— cabbage, 442 

— cherry, 532 

— cinnamon, 488 

— clove, 551 

— date palm, 707 

— ginger, 662 

— gourd, 545 

— hydrangea, 537 

— indigo, 520 

— lettuce, 584 

— liquoiice, 519 

— mangoes, 495 
marjoram, 619 
nutmeg, 643, 646 
pepper, 621 
rhea, 649 
senna, 521, 622 
service tree, 533 

— vanilla, 583 

— vine, 645 
- yam, 693 

Willow, 669 
Winter aconite, 425 

— berry, 692 
cherry, 607 

— green, 589 
— , oil of, 588 
savory, 619,620 

— wheat, 723 
Winteroce, 427 
Winter’s bark, 427 

— spurious, 188 
Witch hazel, 557 
Withania, 607 
Woad, 443, 521 
Wonder of the world, 5G5 
Wood-apple, 486 

— nettle, 650 

— oil, 464 

of China, 658 

— sorrel, 499 

— tar, 678 

Woody ipecacuanha, 449 

— jalap, 6u3 
nightshade, 607 

Woorali i>oison, 598 
Worm bark, 520 
mushroom, 739 
Wormsecd, 581, 597, 635 
Wormwood, 581 
Wourali, 598 
Wrightia, 596 
Wurrus, 660 
Wych elm, 648 


Xanthium, 583 
Xanthorrhiza, 425 
Xanthorrhoea, 698 
Xanthoxvlaceae. 492 
Xanthoxylon, 493 
Ximenia, 489 
Xylocarpus, 483 
Xylopia, 429 
Xyridacese, 701 
Xyris, 701 


Yams, 693, 712 
Yang-tasi, 747 
Yeast-plant, 739 
Yegaar-tree, 516 
Yellow berries, 511 
- cinchona bark, 572 

— deal, 678 

— dye-tree, 428 

— flag, 688 

— jasmine, 597 

— pareira brava, 431 

— parilla, 431 

— pine, 678 

— resin, 698 
root, 425 
wood. 482, 524 

Yerba mansa, 639 
Yeroum fibres, 601 
Yew, 679 

— tree tea, 679 

Y oung f uBtic, 514 
Yucca, 698 


ZACHUN, 515 
Zamia, 680 
Zante fustic, 514 
Zanthoxylum, 493 
Zanzibar copal, 526 
Zea, 723 

Zebra- wood, 515, 573 
Zedoary, 684 
Zerumbet, 684 
Zingiber, 685 
Ziugiberacece, 683 
Zinzeyd, 641 
Zizania, 723 
— straw, 723 
Zizyphus, 612 
Zostera, 713 
Zosteraceae, 713 
Zy gophyllaceee , 496 
Zygophyllum, 497 
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This publication consists of original coloured illustrations, natural size, 
with accompanying descriptive text, of the plants which yield the drugs 
in common use. In making a selection from the very largo number of 
species reputed to be of medicinal value, the British Pharmacopoeia 
has been taken as a foundation, al the plants contained in it being 
figured. To these have been added a large number of others which, 
although not official here, are included in the United States Pharma- 
copoeia or in the Pharmacopoeia of India. This work thus serves 
especially as an illustrated Botanical Guide to tho British, United 
States, and Indian Pharmacopoeias, but it also includes other species 
employed in different parts of Europ \ or iD common use, though not 
official, in this country. Some others which afford food substances, of 
value chiefly to invalids, and a few of our most poisonous indigenous 
plants, have also been added. 


4 The plates are excellent, while the letterpress is clear, careful, and 
complete.’— B ritish Medical Journal. 

* A work, which, from all points of view, is a credit to the scientific 
literature of the day.’ — L ancet. 
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* This work, which is now complete, has fulfilled the high promise 
of its first part. ... An almost indispensable addition to every materia 
medica library.’ — Practitioner. 

* Beautifully illustrated, and as accurately described. It is an 
invaluable book as a work of reference, and forms a noble contribution 
to botanical and medical science.’ — Edinburgh Medical Journal. 

‘We have already expressed our opinion that this is by far the 
most important book of the kind in our language, so that here, beyond 
complimenting all concerned on the fineness and excellence of the 
illustrations, we need only remark that the letterpress is in keeping 
with, and worthy of, the plates.’ — M edical Times and Gazette. 

‘ One of the most valuable contributions ever made to the scientific 
study of materia medica, and is indispensable to every teacher and 
earnest student of that branch of medical knowledge.’ — Dublin Medical 
Journal. 

‘ The coloured illustrations are remarkably good and true to nature, 
and they represent all the plants that have been most recently intro- 
duced into our materia medica. In the letterpress just as much is said 
respecting the medicinal properties and uses of each plant as will 
complete the description.’ — Medical Press and Circular. 

‘A complete repertorium for the botanico-medical student. .... 
It is not often that a reviewer can riso from a critical examination 
of a livre de luxe with such an unmixed feeling of satisfaction as in the 
case of these handsome volumes.’ — Nature. 

‘ It is an indispensable work of reference to every one interested 
in pharmaceutical botany. The botanical descriptions of the spocies 
from the hand of Dr. Trimen, and the description of the general 
characters, composition, properties, and uses of its parts and products 
which are employed in medicine or otherwise, by Professor Bentley, 
may be thoroughly relied on, and in nearly all cases the coloured 
drawings and the dissections of the most important parts of the plant 
give a very correct idea of the species from which the drug is obtained. 
Moreover, the work, in four handsome volumes, will form a decided 
ornament to the library shelves or drawing-room table.’ — Pharmaceu- 
tical Journal. 

* This superb treatise. . . . Each plate is well worth twice its pub- 
lished price.’ — Veterinarian. 

‘ We are compelled to express once again our admiration of the 
thoroughness and uniform excellence with which the design of the 
authors has been carried out.’ — C hemist and Druggist. 


London : J. & A. CHURCHILL. 



[Catalogue C] 


LONDON, March, 1885. 


J. & A. CHURCHILL’S 

MEDICAL CLASS BOOKS. 


ANATOMY. 

BRAUNE . — An Atlas of Topographical Ana- 

tomy, after Tlane Sections of Frozen -Bodies. By Wilhelm Braunk, 
Professor of Anatomy in the University of Leipzig. Translated by 
Edward Bellamy, F.R.C.S., and Member of the Board of Examiners ; 
Surgeon to Charing Cross Hospital, and Lecturer on Anatomy in its 
School. With 34 Photo ►-lithographic Plates and 40 Woodcuts. Large 
Imp. 8vo, 40s. 

FLOWER . — Diagrams of the Nerves of the 

Human Body, exhibiting their Origin, Divisions, and Connexions, with 
their Distribution to the various Regions of the Cutaneous Surface, and 
to all the Muscles. By William H. Flower, F.R.C.S., F.R.S. 
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ANATOMY — continued. 

HOLDEN . — A Manual of the Dissection of the 

Human Body. By Luther Holden, F.R.C.S., Consulting- Surgeon to 
St. Bartholomew's Hospital. Fifth Edition, by John Langton, 
F.R.C.S., Surgeon to, and Lecturer on Anatomy at, St. Bartholomew s 
Hospital. With 208 Engravings. 8vo, 20s. 

By the same Author. 

Human Osteology : comprising a Descrip- 
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and its Development. Sixth Edition, revised by the Author and 
James Shuter, F.R.C.S., late Assistant-Surgeon to St. Bartholo- 
mew’s Hospital. With 61 Lithographic Plates and 89 Engravings. 
Royal 8vo, 16s. 
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Landmarks, Medical and Surgical. Fourth 
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MORRIS . — The Anatomy of the Joints of Man. 

By Henry Morris, M.A., F.R.C.S., Surgeon to, and Lecturer on Ana- 
tomy and Practical Surgery at, the Middlesex Hospital. With 44 
Plates (19 Coloured) and Engravings. 8vo, 16s. 
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plete Pocket Anatomist. Eighth Edition. 32mo, 3s. 6d. 

WAGSTAFFE . — The Student’s Guide to Human 
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BOTANY. 

BENTLEY . — A Manual of Botany. By Robert 

Bentley, F.L.S., M.R.C.S., Professor of Botany in Kings College 
and to the Pharmaceutical Society. With 1185 Engravings. Fourth 
Edition. Crown 8vo, 15s. 

By the same Author. 
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Morphological, and Physiological Botany. With 660 Engravings. 
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BENTLEY AND TRIMEN .— Medicinal Plants: 

being descriptions, with original Figures, of the Principal Plants 
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BERN AYS . — Notes for Students in Chemistry; 
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turer on Chemistry and Medical Jurisprudence at Guy’s Hospital; 
Examiner in Chemistry at the Royal College of Physicians ; Official 
Analyst to the Home Office. With 188 Engravings. 2 Vols. 8vo, 31s. 6d. 
By the same Author. 

A Manual of Medical Jurisprudence. 

Tenth Edition. With 55 Engravings. Crown 8vo, 14s. 

ALSO, 

On Poisons, in relation to Medical Juris- 
prudence and Medicine. Third Edition. With 104 Engravings. 
Crown 8vo, 16s. 

TIDY AND WOODMAN .— A Handy-Book of 

Forensic Medicine and Toxicology. By C. Mkymott Tidy, M.B. ; and 
W. Bathurst Woodman, M.D., F.R.C.P. With 8 Lithographic Plates 
and 110 Wood Engravings. 8vo, 31s. 6d. 


11, NEW BURLINGTON STREET. 



J. 8f A. Churchill’s Medical Glass Books. 


HYGIENE. 

PARKES. — A Manual of Practical Hygiene. 

By EDMUND A. Parkes, M.D., F.R.S. Sixth Edition by F. DeChacmont, 
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M.D., Professor of the Principles and Practice of Medicine, <fcc., in 
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JONES AND SIE VEXING. — A Manual of Patho- 
logical Anatomy. By C. Handfield Jones, M.B., F.R.S., and EDWARD 
H. Sieveking, M.D., F.R.C.P. Second Edition. Edited, with consider- 
able enlargement, by J. F. Payne, M.B., Assistant- Physician and 
Lecturer on General Pathology at St. Thomas’s Hospital. With 195 
Engravings. Crown 8vo, 16s. 

LAN CERE A TJX. — Atlas of Pathological Ana- 
tomy. By Dr. Lancereaux. Translated by W. S. Greenfield, M.D., 
Professor of Pathology in the University of Edinburgh. With 
70 Coloured Plates. Imperial 8vo, £5 5s. 

VIRCHOW. — Post-Mortem Examinations: a 

Description and Explanation of the Method of Performing them, 
with especial reference to Medico-Legal Practice. By Professor 
Rudolph Virchow, Berlin Charity Hospital. Translated by Dr. T. B. 
SMITH. Second Edition, with 4 Plates. Fcap. 8vo, 3s. 6d. 

WILKS AND MOXON. — Lectures on Pathologi- 

cal Anatomy. By SAMUEL WILKS, M.D., F.R.S., Physician to, and late 
Lecturer on Medicine at, Guy’s Hospital ; and Walter Moxon, M.D., 
F.R.C.P., Physician to, and Lecturer on the Practice of Medicine at, 
Guy’s Hospital. Second Edition. With 7 Steel Plates. 8vo, 18s. 

PSYCHOLOGY. 

BUCKNILL AND TUKE.—A Manual of Psycho- 
logical Medicine : containing the Lunacy Laws, Nosology, ^Etiology, 
Statistics, Description, Diagnosis, Pathology, and Treatment of Insanity, 
with an Appendix of Cases. By John C. Bucknill, M.D., F.R.S., 
and D. Hack Tuke, M.D., F.R.C.P. Fourth Edition with 12 Plates 
(SO Figures). 8vo, 25s. 
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PSYCHOLOGY—' continued. 

CLOUSTON. — Clinical Lectures on Mental 

Diseases. By Thomas S. Ci.oustoN, M.D.,and F.R.C.P. Eilin.; Lee 
turer on Mental Diseases in the University of Edinburgh. With 
8 Plates (6 Coloured). Crown 8vo, 12s. (id. 

MANN . — A Manual of Psychological Medicine 

and Allied Nervous Disorders. By Edward C. Mann, M.D., Member 
of the New York Medico-Legal Society. With Plates. 8vo, 24s. 

PHYSIOLOGY. 

CARPENTER .— Principles of Human Physio- 
logy, By William B. carpenter, (ML, M.D., F. K.s. Ninth Edition. 
Edited by Henry Power, M.B., F.R.C.S. Witli 8 Steel Plates and 
877 Wood Engravings. 8vo, 81s. (id. 

DALTON .— A Treatise on Human Physiology : 

designed for the use (if Students and Practitioners of Medicine. By 
John C. Dalton, M.D., Professor of Physiology and Hygiene in the 
College of Physicians and Surgeons, New York. Seventh Edition. 
With 252 Engravings. Royal 8vo, 20s. 

FREY . — The Histology and Histo-Chemistry of 

Mail. A Treatise ou the Elements of Composition and Structure of the 
Human Body. By Heinrich Frey, Professor of Medicine in Zurich. 
Translated by Arthur E. Barker, Assistant-Surgeon to the University 
College Hospital. With 608 Engravings. 8vo, 21s. 

EYE-SMITH .— Syllabus of a Course of Lectures 

on Physiology. By Philip H. Pye-Smith, B.A., M.D., F.R.C.P., 
Physician to Guy's Hospital. With Diagrams, and an Appendix ot 
Notes and Tables. Crown 8vo, 5s. 

SANDERSON .— Handbook for the Physiological 

Laboratory : containing an Exposition of the fundamental facts of the 
Science, with explicit Directions for their demonstration. By J. 
Burdon Sanderson, M.D., F.R.S.; E. Klein, M.D., F.R.H.; Michael 
Foster, M.D., F.R.S., and T. Lauder Brunton, M.D., F.R.S. 2 Yols., 
with 123 Plates. 8vo, 24s. 

YEO.— A Manual of Physiology for the Use of 

Junior Students of Medicine. By GKRALl) F. YEO, M.D., F.B.C.8., 
Professor of Physiology in King's College, London. With 801 Engrav- 
ings. Crown 8vo, 14s. 
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SURGERY. 

BELLAMY . — The Student’s Guide to Surgical 

Anatomy ; a Description of the more important Surgical Regions of 
the Human Body, and an Introduction to Operative Surgery. By 
Edward Bellamy, F.R.C.S., and Member of the Board of Examiners ; 
Surgeon to, and Lecturer on Anatomy at, Charing Cross Hospital. 
Second Edition. With 76 Engravings. Fcap. 8vo, 7s. 

BRYANT . — A Manual for the Practice of 

Surgery. By Thomas Bryant, F.R.C.S., Surgeon to, and Lecturer on 
Surgery at, Guy’s Hospital. Fourth Edition. With 760 Illustra- 
tions (many being coloured), and including 6 Chromo-Lithogiaphic 
Plates. 2 Vols. Crown 8vo, 32s. 

CLARK AND WAGSTAFEE. — Outlines of 

Surgery and Surgical Pathology. By F. Le Gros Clark, F.R.C.S., 
F.R.S., Consulting Surgeon to St. Thomas’s Hospital. Second Edition. 
Revised and expanded by the Author, assisted by W. W. Wagstaffe, 
F.R.C.S., Assistant Surgeon to St. Thomas’s Hospital. 8vo, 10s. 6d. 

DR UI TT. —The Surgeon’s Vade-Mecum; a 

Manual of Modern Surgery. By Robert Druitt, F.R.C.S. Eleventh 
Edition. With 369 Engravings. Fcap. 8vo, 14s. 

FERGUSSON.—A System of Practical Surgery. 

By Sir William FERGUSSON, Bart., F.R.C.S., F.R.S., late Surgeon and 
Professor of Clinical Surgery to King’s College Hospital. With 463 
Engravings. Fifth Edition. 8vo, 21s. 

HEATH . — A Manual of Minor Surgery and 

Bandaging, for the use of House-Surgeons, Dressers, and Junior Practi- 
tioners. By Christopher Heath, F.R.C.S., Holme Professor of 
Clinical Surgery in University College and Surgeon to the Hospital. 
Seventh Edition, With 129 Engravings. Fcap. 8vo, 6s. 

By the same Author. 

A Course of Operative Surgery : with 

Twenty Plates (containing many figures) drawn from Nature by 
M. LiiVElLLri, and Coloured. Second Edition. Large 8vo, 30s, 
ALSO, 

The Student’s Guide to Surgical Diag- 

nosis. Second Edition. Fcap. 8vo, 6s. 6d. 

MAUNDER . — Operative Surgery. By Charles 

F. Maunder, F.R.C.S., late Lecturer on Surgery at the London 
Hospital. Second Edition. With 164 Engravings. Post 8vo, 6s. 
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STTRQERY—contmned. 

SOUTHAM . — Regional Surgery : including Sur- 
gical Diagnosis. A Manual for the use of Students. By Frederick 
A. Southam, M.A., M.B. Oxon, F.R.O.S., Assistant-Surgeon to the 
Royal Infirmary, and Assistant-Lecturer on Surgery in the Owen s 
College School of Medicine, Manchester. 

Part I. The Head and Neck. Crown 8vo, Os. (id. 

,, II. The Upper Extremity and Thorax. Crown 8vo, 7s. Cd. 


TERMINOLOGY. 

DUNGL1SON.— Medical Lexicon : a Dictionary 

of Medical Science, containing a concise Explanation of its various 
Subjects and Terms, with Accentuation, Etymology, Synonyms, Ac. 
By Robert Dungmson, M.l). New Edition, thoroughly revised by 
Richard J. Dunglison, M.d, Royal 8vo, 28s. 

MA YNE . — A Medical Vocabulary: being an 

Explanation of all Terms and Phrases used in the various Departments 
of Medical Science and Practice, giving their Derivation, Meaning, 
Application, and Pronunciation. By Robert (h Maynk, M.D., LL.D., 
and JOHN Mayne, M.D., L.R.C.S.E. Fifth Edition. Ciown t>vo, 
10s. Gd. 


WOMEN, DISEASES OF. 

BARNES.— A Clinical History of the Medical 

and Surgical Diseases of Women. By Robkut Baunks, M.D. , F.B. < , 
Obstetric Physician to, and Lecturer on Diseases of Women, Air., at, St. 
George's Hospital. Second Edition. Witli 1S1 Engravings. 8vo, 2m. 

COURTY— Practical Treatise on Diseases of 

the Uterus, Ovaries, and Fallopian Tubes. By Professor ('obktv, 
Montpellier. Translated from the Third Edition by bis Pupil, AUNES 
M-Lauen, M.D., M.K.Q.O.P. With Preface l.y Di. Matthews Duncan. 
With 424 Engravings. 8vo, 24s. 


DUNCAN . — Clinical Lectures on the Diseases 

of Women. By J. Matthews Duncan, M.D., F.R.U.P., KRAE., 
Obstetric Physician to St. Bartholomew’s Hospital. Second Edition, 
with Appendices. 8vo, 14s. 

EMMET. — The Principles and Practice of 

Gynaecology. By Thomas Addis Emmet, M.D., Surgeon to^the 
Woman’s Hospital of the State of New York. 

150 Engravings. Royal 8vo, 24s. 


Third Edition. With 


11, NEW BURLINGTON STREET. 



J. & A. Churchill’ a Medical Class Books. 


WOMEN - , DISEASES OF -continued. 
GALABIN . — The Student’s Guide to the Dis- 

eases of Women. By Alfred L. Galabin, M.D., F.R.C.P., Obstetrie 
Physician to, and Lecturer on Obstetric Medicine at, Guy’s Hospital. 
Third Edition. With 78 Engravings. Fcap. 8vo, 7s. 6d. 

REYNOLDS . — Notes on Diseases of Women. 

Specially designed to assist the Student in preparing for Examination. 
ByJ. J. Reynolds, L.R.C.P., M.R.C.S. Second Edition. Fcap. 8vo 
2s. 6d. 

SAVAGE . — The Surgery of the Female Pelvic 

Organs. By Henry Savage, M.D., Lond., F.R.C.S., one of the Con- 
sulting Medical Officers of the Samaritan Hospital for Women. Fifth 
Edition, with 17 Lithographic Plates (15 Coloured), and 52 Woodcuts. 
Royal 4to, 35s. 

WEST AND DUNCAN .— Lectures on the Dis- 

eases of Women. By Charles West, M.D., F.R.C.P. Fourth 
Edition. Revised and in part re-written by the Author, with numerous 
additions by J. Matthews Duncan, M.D., F.R.C.P., F.R.S.E., 
Obstetric Physician to St. Bartholomew’s Hospital. 8vo, 16s. 


ZOOLOGY. 

CHAUVEAU AND FLEMING .— The Compara- 

tive Anatomy of the Domesticated Animals. By A. CHAUVEAU, 
Professor at the Lyons Veterinary School; and GEORGE FLEMING, 
Veterinary Surgeon, Royal Engineers. With 450 Engravings. 8vo, 
31s. 6d. 

HUXLEY . — Manual of the Anatomy of Inverte- 

brated Animals. By Thomas. H. Huxley, X.L.D., F.K.S. With 15ft 
Engravings. Post 8vo, 16s. 

By the same Author. 

Manual of the Anatomy of Vertebrated 

Animals. With 110 Engravings. Post 8vo, 12s. 

WILSON . — The Student’s Guide to Zoology : 

a Manual of the Principles of Zoological Science. By Andrew Wilson, 
Lecturer on Natural History, Edinburgh. With Engravings. Fcap. 
8vo, 6s. 6d. 
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